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P.REFACE 


In tlio following pages pracLiciilly tli(! wliele range of 
Textiles eoines under review, with-the exception of certain 
very special brandies, sndi as Trininiiiigs, I lose-|)ipineK, 
Sellings, etc. It is liardly to be e\[ieclcd I bat siieb a wide 
field'jan be satisfadorily covered by one writer, bowover 
well he may have lieen trained and whatever may liave, 
been his op])ortnnilies of gaining jiraclical expeiience and 
insight. Thus, although J alone am responsible for the 
bulk of the work, special chapters bv recognised aiitlir’ities 
have been introduced. I’rofessor (rardncr is res|Minsible J'or 
tjie chapters on " The .MiMce.rized and Artilicial Kibics " and 
“ Dyeing ” : Mr. R. Snow for the chaiiter on " Sdp Throwing 
and Spinning” ; Mr. W. II. (look for the ehaplcr on," Tlie 
Cotton Industry ” ; and Rrofe.s.sor Rradbiiry for the cha.pter 
on " 'I’he Linen Industry.” That these chapters add much to 
the practical value of tlie. treatise will at once be conceded. 

The authors hope that this work may prove of value to 
those who reipiiro extensive but accurate, information on 
the whole range of the Textile Industries; that the 
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technicalities' dealt witli in the work will servo well' the 
practical man in his every-dav diflicnltins ; and firiaFy that 
the student di-sirinf; an all-round knowledge upon which 
to soundly base his later special knowledge will here find 
that which ho seeks. 

Aloreo F. IjriiKEU. 

The Tec'ii.nk’m. Coi.ehue, liitAOKOiu), 

Feiiiu'auv KiTii, 111 10, 


PRKFACE TO 'I'HE REVISED EDITION 

SuvERAi, repriiilsof this work in its original form have been 
issued. It is now felt by the authors, that although there is 
little to change in order to bring the work thoroughly uj) to 
date, vet eerlain additions area'alled for, and that in some lew 
, cases a broader outlook may well be. advocated. 

With these additions and revisions incorporaled, it is hoped 
■ that the work may prove as acceptable in the future as it has 
])roved in the past. 

Alijreu F. Barker. 

The Univek.sity, Leeo.s, 

November 1 st, 1921 . 
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CHArriui I 

TKK inSTOliY OV TIIH TRVTILK ISDl'STTilHS I U,SO OP TEXTII.H 

• ■ INVENTIONS ANII INVENTOLIS 

The autlioiific, liistorv ot tlio lo\l,ile iiidiistrics 1 ms Ixion 
carried so fur Ix'udi into the just affes by tbc arelm'ologieal 
discoveries of tbo last liundrcd years tliat an interestin'' 
Tceoumt of tbo evolution of tbese industries eonld readily be 
coinpibsd. Sneli an account, bowever, wbilo of interest 
from an arelueoloeical and liistorical jioinl ot view, miebt 
not 1)0 of much practical value: it would almost cerLainly be 
dift'usc wbe.ro concentration andjadtenoss wore desirable,‘and,; 
possibly, too brief in dealing w itb tbose periods when change 
multiplied change, ciuising a rapid and extensive evolution. 

• A sequential history of the devidopmont of the textile 
industries will hero be preferable, although such will 
naturally sacrilice a certain amount of absolute accui'iicy 
to ensure a more perfect statement of the sequence of 
developments; perhaps even a sacrifice of actual historic 
order may at times bo necessary to impress the real 
historic teaching involved. Not that in the following pages 
liLstory is to be outraged and actualities suppressed or 
changed out of recognition ; but rather that'tb gain all that 
history should teach a certain practical licence will he 
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taken in iirospiitation of the, sul)jeet, its justification being in 
tho clearness and jireeision thereby gained. *' 

Throwing back our minds to the time when gur 
ancestors were ^ emerging from the barbaric state, we 
can well picture to ourselves their earliest dress as the 
skin? of slaughtered animals. As the human race w.is jirob- 
ably evolved from tlie torrid-temperate zone (in Central 
Asia), it is possible that some lighter form of wearing 
garment ]ueeedod the skins of animals for personal wear, 
15ut it seems very probable that the first idea pf textures^of 
real wearing value would be first thus suggested. 

If any animal such as the sheep then existed, we can 
well imagine that the shearing of a lleece would suggest.the 
'matting together of libres already favourably disposed for 
the formation of a continuous covering, b'elt fabrics 
undoubtedly came early in the historic sequence; thus both 
garraents and hats of felt were worn in Ancient (ircece; 
while remains of felts can also be referred to a much earlier 
• pertod. Hut wool being the-only fibre which truly “ felts," 
tlie felt industry naturally cannot go further back than to 
the discovery of the felting property of wool. 

Wool could only be converted into a woven fabric by 
being spun into a “fibre-thread.” Now prior to tho 
spiftning of “ fibre-threads ”—or yarns as we now term them 
—the art of interweaving rushes and other fibres or bundles 
of fibres of long length was undoubtedly practised, so that 
the art of weaving evidently preceded that of spinning in 
the natural evolution. Again, it is probable that the art of 
weaving preceded the art of felting, as it is a debateable 
point whether the art of felting preceded the art of spinning. 

The spinning and weaving of fibre-threads or yarns are 
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obyipusly most deliciite processes in couipiirison with rusli 
and coarse fibre weaving; but it is nevertlieless true that 
as far back as the early Hgyptian Dynasties a most refined 
art of Avcaviug was practised, so imicli so tliat to-day 
J'lgyptian mummy clotbs of a gauze structure are found 
worthy of reproduction. 

Turning to the conditions under which the arts of 
spinning and weaving .would be practised in the early days 
of our civilization, we come across traditional industries 
retftincd in th'e family. It is more than probable tliat in 
some of the ancient civilizations the textile industries became 
more than family, concerns, but so far as we are concerned 
the lextilo industry may be regarded as essci^tially a family 
industry until the home industries -developed from family 
industtics — apfieared about the commencement of the 
eighteenth century. This does not discount the “ Trade 
Guilds ” which nourished in many centres of industry, 
suoli being based as much upon lire family as upon' a more 
highly organized form of the 'industry. 

So long as all industries were distributed over the 
country it is evident that there would neither be the need 
nor the incentive for large production : the incentive would 
rather be towards tbe production of better fabrics and inore 
artistic effects. Hence the marvellous beauty of many of 
the fabrics which came down to us from a very early 
date. And it is interesting and instructive to note that up 
to the nineteenth century attempts to introduce machines 
to facilitate productipn invariably claimed small considera¬ 
tion, while machines to facilitate the production of elaborate 
styles were certainly more than welcome. The “ draw-loom ” 
was successfully introduced from China, but M. de Gonnes’ 

B 2 
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powor-lonin failed ; Jacquard looms were in use Ion" before 
the power-loom was either invented or adojited by the trarh^. 
Thus the art of prodneing elaborate and beautiful toktiles 
followed civilization from the blast to Houthern Europe and 
from Southern Europe northwards. Marked indications 
of this line of development are still evident in the present- 
day organization of our industries, as will be shown later. 

With the disturbance of the balance of production by the 
going forth of Euro])e'8, but more especially England’s, sons 
as colonizers would come the pressing demand for'the 
grcsaler production of certain commodities, of which cloth 
would be one. This would tend to break up the family 
traditions and to develop an industry organized on a larger 
scale, resulting in what might fairly be termed “ specialized 
production ” or organized home industries. Bringinj;f'groups 
of artisans together could not fail to stimulate industry and 
inventiveness, which in this case would naturally run on the 
lines of increased production. Now the Continent would 
naturally have shared in this evolution had it been trampiil 
and comjraratively undisturbed as was England. But the 
Naiioleonic wars were such a constant source of ferment on 
the Continent that tranquil, undisturbed England reaped 
nearly all the direct benefits of the very rapid evolution 
dating from this period. 

About ITfiO there commenced a natural evolution of the 
textile industries—spinning and weaving—the final result 
of which was to leave England for a long iieriod of years 
practically supremo as a manufacturing country. 

Prior to this evolution two kinds of spinning wheels 
were in use, one of which might he termed the “ long-fibre 
wheel ” and the other the “ short-fibre wheel.” In the case 
of the long-fibre wheel (Fig. 9) a sliver of long fibres was 
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practically made up from the raw matcriaF to the right 
thieftness by hand and then twisted and wound on to the 
hohUiii at the same time hy the action of the tlyer and 
bobbin. The introduction of this wheel had increased the 
product about threefold, in comparison with the distaff and 
spindle. The attempt to use a double-.spindle wheel no 
doubt suggested at an early date the more perfect and 
automatic production of slivers which might then be spun 
in greater numbers by hand. Thus in 1718 Lewis I’aul 
developed the. idea of drafting rollers. That he [irohably 
got the idea from seeing rollers used for elongating or 
working metal is indicated by the fact that it was thought 
possible that one' pair of roller.s would do all that was 
irecessary, elongation of the sliver presumahly'’b(!ing thought 
to var^j with the pressure e,\erted. This mistake was soon 
rectified, and two or more pairs of rollers adopted, iliehard 
Arkwi’ight now came iiiion the scene and, linking up the 
drafting rollers of Lewis raul with the long-lihre spinning 
wheel, m.ade it possible to control more than one or.two 
.spindles at the same time. Arkwright then linked iipTlur 
water wheel to this machine and thus evolved what is 
liBown as the “ water-frame,” yielding a type of yarn known 
even to-day by the term “ water-twist.” 

It is probable that the “short-ilbro wheel” was empleyed 
in the siunning of wool and of cotton—cotton was then a 
comparatively small industry'—both of which were woven 

' Year 1701 : 

('dllim K.(|)iiils ... . £2:1, 2 ,', I! 

Wiiullen H.\|,(ii'ts.£2,000,000 

Yea I l,s;«: 

CuUon Hx|wrt8 ...... £ r.s.rsBiruo 

Woulleu Ks|ioi ts.£(i,aa9,7HI 
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into fal)iics known as Lancasiiire woollens. Spindle-draft, 
as distinct from roller-draft in Arkwright’s machine,'was 
here employed, the reduction of a thick carded sliver into 
•a comparatively thin thread being accomplished hy mere 
extension, by the movement of the hand away from the 
spindle point, with the aid of a little twist; then upon the 
conipletion of the drafting the necessary twist was put into 
the thread. The process was intermittent, as winding on to 
the bobbin followed this drafting and twisting. The idea 
of working more than one spindle would here be more 
difficult of realization than in the case of the flyer, as the 
cycle of operations was' much more complex. Improve¬ 
ments in the preparation of the slivers'would here also 
forward the irfultiplication of the spinning spindles. Thus 
Hargreaves invented the “ jenny,” which was siniply a 
mnltiplication of the spindles to he worked hy hand, the 
action being really an exact copy of the mechanical operation 
of spinning on the “ short-fibre wheel.” This was soon 
followed hy the “ sluhhihg-hilly,” in which the position of 
spinning spindles and the sluhhings were I'eversed, as in 
the mule of to-day. The “ billy ” was gradually developed 
by such men as Kelly, Kennedy, Eaton, and many others, 
into the hand-mule, and finally the hand-mule was success¬ 
fully converted into the self-acting mule by Eichard 
Roberts in 1830. 

Much has been made of the invention of the “ mule” by 
Crompton. Hut the truth is our ideas here need consider¬ 
able revision. Crompton’s idea of combining the di-attiug 
rollers of Arkwright’s water-frame with the spindle- 
draft of Hargreaves’ “ jenny ” was simply a “ happy 
thought.” Certainly this happy thought was combined 
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\?ith a certain amount of resolution and skilijin putting'the 
idJa into practice, but it nliould be noted that the woollen 
“ nyile ” of to-day is not Crompton’s mule at all, and in 
fact is not a “ mule,” but a “ pure-bred,” and all the 
really ingenious mechanism on both woollen, cotton, and 
worsted mules is not duo to Crompton, but to the men pre¬ 
viously mentioned. It is further interesting to note-’tliat 
most of the complex mechanisms combined in the mule were 
known to simmers and would-be inventors prior to Itoberts 
talsing the inulo in band, but owing to their lack of power 
of sequential integrating tlioiiglit they all laili'd in devising a 
successful inacliine. It was Roberts who combined tlie ideas 
presented to bint into a liarmonious whole and gave to the 
world one of the most wonderful and ingitiious niachines 
which has ever been invented. 

It will readily be imagined that the improvements in 
spinning just mentioned naturally resulted in a marked 
multiplication of yarn production. Curious to relate, how¬ 
ever, there does not aiqiear to have been over-production of 
yarn, but rather under-production of cloth. It is, said 
of the hand-loom weavers of this period that they went 
about with IfS sewn in their hats, so remunerative was 
their art. The invention of Kay’s “ fly-shuttle ” in 
an invention be it noted which could only affect pro 
duction, not quality nor elaborateness of the resultant 
fabric—had been followed by others which brought the 
hand-loom up to the perfection of to-day. The word 
“ witch ”—applied to the shedding mechanism known 
to day as the “dobby”—carries with it an indication of 
the way in which s'ome of these innovations, wore regarded. 
The placing of two or mote shuttles in movable planes or 
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shuttle-boxes, iiiy of wliicli could be brouglit into line with 
llie picking plune, was possibly introduced in more j)lk6es 
than on© quite independently, while “ permanent b^ick- 
rests,” “ setting-up ” and “ lettiug-oll ” motions had 
developed, so far as might be, the possibilities of the hand- 
loom from the ])roduction point of view. 

Arid here it is well to realize definitely that there were three 
distinct phases in the development of the textile industries. 
In the Middle Ages we note these industries as distributed, 
laborious and, comparatively speaking, unproductive voca¬ 
tions. In the eighteenth century those distributed industries 
were becoming more concentrated and, more important still, 
were develojiing almost all the well-known methods of spinning 
and weaving einployed to-day. Then came the nineteenth 
century, with its applied jiower -in some cases the ajiplication 
of power loading to the development of a machine, and in other 
cases the development of a machine leading to a bettor control 
and application of jiower. It should here be noted that, 
although the cotton (rade wa.? introduced into this country 
from India and the East, and although there was legi.slation 
against the use of cotton and in favour of wool jirior to the 
mechanical era, still this trade was necessarily .so restricted 
that it was not until the jiossibilities of the steam-engine and 
power machines were realized that the cotton industry took 
on a really serious and substantial development. 

It is interesting to note that power was ])ractically applied 
to the spinning frame earlier than to the loom. Arkwright’s 
“ water-frame’’ was successfully run shortly after 1709, while 
no practical power-loom was running until about 1813. By 
the middle of the 'nineteenth century hand-spinning was fast 
disappearing from all the manufacturing districts, but hand- 
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woaving is oven still contiimed in the t\vcii<l.ieth cciitur}'. 
Arlcfvi'iglit’s “ Wiiter-fi'iiino ” was most oiisily I’ondereil luito- 
matvj; the spinniiig-jeuny or “ imde ” u]) to a certain point 
was soon rendered aiitomatie, but the completion of the 
necessarily complex cycle of operations automatically was not 
accomplished until Rolxwts faced the problem in 1825. Tlie 
cycle of operations involved in weaving being more complicat(al 
than the, “ water-frame cyt'le, but less com])lic.ited than the 
“ mule ” cycl(^, would naturally have come in betwerm but 
for.the dillieulties in obtaining a steady drive. Dr. Cart¬ 
wright’s first attempt at a jrower-loom was made without the 
.slightest reference to a hand-loom and jiroved a failure. His 
second attempt vi'as based jierhaps too much upon the 
hand-loom, but may be regarded as having beef! fairly success¬ 
ful. l^t is well to fully realize that, while the, iutroiluct ion of 
water-powei' facilitated sjrinning, it did not facilitate weaving 
to nearly the same extent; simply because for weaving a 
really steady drive to (uisure steady picking is necessary, and 
this was probably not by any mean's attained to in the parly 
days of water-power driving. Later, wdien steam iiower-svas 
applied, marked imj)ro\'cments in steadiness were rapidly 
d«veloj)cd, with the result that ])racticidly most movements 
involved in ordinary spinning and weaving could be accom¬ 
plished automatically from 1830 onwards. Then cama the 
exodus from the country di.stricts and the centralization of 
industries on or near to the coallields. Thus it is interesting 
to note that prior to England biamming a manufacturing 
country the wool of England met the skill of Southern Europe 
in JTanders. Jjater a distributed industry is to be noted in 
England, the industry generally following the dine of supply 
of the raw material. Still later the coal-po\Ver of Yorkshire 
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meks tlio wooi' product ion of Yorkshire at Bradford, and tlfe 
coal-power of England tlie cotton of America in Lanca,shift'. 

Attention was now turned to the more perfect preparation 
of the slivers of wool, cotton, flax, etc., for the subsequent 
spinninf! ]irocess. TTand-cards were early displaced by the 
roller hand-card, and this in turn dev('loped into the “ flat- 
card'” and lat(‘r the “ revolviiif; flat-card.” Tlui development 
of the card, however, was more of an cii<>ineerin}{ problem than 
a problem in m(‘clia.ni.sm, the .style of build and accuraev of 
setting being (he real dillicailties. There is an excejition, to 
this, how('ver. in tin; case of the woiflhin conden.ser. Originallv 
oardings were left exceedingly thick and unwieldy, having to 
be drawn (uit into shdfliings and then into’.slivers, finally to 
be spun on (In' wheel or jenny. The first inqirovement was 
the dividing of tht! card-clothing on the last doffer into strips 
of G inches to 8 inches wide across the dotl’er, so that from 
the circnmi'crence of, ,say, a 21-inch doft'er 10 or 12 .slubbings 
just, the width of the car’ll—each say 27 inches to .SO inches 
lung—would be stii)i|)cd, these striirpings being |)icccned up 
on tire ajrron of the, slubbing-billy by boys and girls called 
“ pieceners." Then what was cidicd a ” jiiecening machine ” 
was added, which, taking charge of these slubbing.s, each e,s 
long as the. doffer was wide, stripped from the doffer, joined or 
placed them into continuous .slivers, which were w'ound on to 
a s])indle or bobbin, and placed later on the slubbing-billy.' 

Some time after the introduction of the piecening machine 
the “larndenser” made its ap|>earance. In this the last 
dolTcr or dotfers wei'e clothed concentrically with rings of 
card-clothing, so that the slivers weri' strijrped continuouslv 
from the doffer, and were practiiailly endless as compared with 
the 3G-inch slubbings stri|)])ed ffoni across the doffer of the 
^ iice “ Journal of the Textile lustituto." Iyi2. 
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ofd card. In the latest form of condenser tlie stool is .stripped 
froin the last dotlVr in a continuou.s lilm, and then broken U]) 
into* 60 to 140 filaments by means of narrow straps or steel 
bands. One wonders why the idea of the ring-condeiisiir was 
not sooner thought of and why it should have been so fre¬ 
quently tried and discarded. A little thought, however, soon 
clears up this point. It may bti taken that wool fibres'tak(! 
up a more or less concentric position on the card. If this be, 
so, then stripping- the wool off the doffer in the, old method 
would result in the fibres taking a concentric jiosition in the 
thread, while in the case of the condenser they would talre iij) 
a longitudinal position in the thread. This, no doubt, 
seriously affected the subsequent siiinning, weaving, and 
finishing prnjie.rties; in fact, it is freipiently' stated that no. 
fabric^s equal to those made from yarn spun from the ohl 
piecening slubbings are to-day produced. I’o.ssibly the 
realization of this difference suggested the idea of preparing 
wool for combing by previously carding it. This,was first 
carried into practice about 1817 and is to-day being largely 
applied even in the case of wools 8 inches to 10 inches long. 

The cycle of movements in hand-combing being more 
bomplicated than the cycle of movements in carding, auto¬ 
matic combing naturally developed much later than automatic 
carding. The operations of lashing on, combing, drawing off, 
and the removal of “ backings,” of “ milkings,” and of “ noil ” 
were necessarily very conqilicated, and it was largely by the 
elimination of certain of these that mechanical combing was 
made a success. As with most other machines, the first 
mechanical attempts were simply imitations of the hand 
process. Dr. Cartwright frotn 1789 to 1792 brought out two 
forms of mechanical combs which after many vicissitudes 
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were laid aside lor many years until they both again emerged—• 
the njiriglit cirele comb as Jleilniatm’s comb, the liorizontal 
circle comb in its most perfect meclianical form as NohJe’s 
comb. Jt sliould be noted, however, that it i.s Jjord .Masham 
(then Mr. H. (t liister) to wliom credit must be, giv'eii for 
tile creation of a practical wool comb ; without his “ driving- 
fonai ” there can bo no doubt but tliat the cv'olution of the 
wool cond) would liavo been long (hdayed. As with spinning 
so with combing : the preparatory ])rocessos were of marked 
importance. Wit hout tlie prei>aring or gill-box and the card, 
mechanical combing would to-day be at least very iiiipcrfect 
it at all po,ssible. The “ Genesis of the Wool Gondj ’’ is given 
in List I. 

W(! have now dealt with the evolution of all the imj)ortant 
textile mechanisms with the c.vce|(tion of the ring aiu| cap 
frames, which mav linally be brielly touched on. 

Labour, es[)eeially male labour, being very scarce in the 
United States, dilliculties were encountered in working the 
heavy mules or mulc-jennics needed for the producition of 
certain yarns. Again, the questions of sp(?ed of machine and 
j)roduction would no doubt claim attention. Thus in 18.'!2 
the riiig-framc (Fig. 15) was invented, this being rtsadily 
controlhsl by female labour and eminently suited to the 
spinning of certain useful cotton counts. 

Other ideas of frame spinning had naturally been tried in 
the States. The Danforth or cap spindle, coming to Lan¬ 
cashire about 1825, was condemned for cotton, but being 
introduced into Yoi’kshire was adoptcid as tin; sy.stcm far 
c.('cc//cncc for the, spinning of fine liotany yarns. It is curious 
to relate that the first trial of this spindle in Ah)rkshiro was 
made at a very slow speed “ to give it a chance.” The result 
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was that the yarn could be jerked off the bobbin or spool. 
It was only when the bobbin was speeded up from 11,000 to 
5,000 revolutions per minute that the possibilities of this 
spindle were fully ai)preciated. 

From 1850 onwards -with the exception of the electric 
Jacquard and certain most interesting methods of j)ile weaving 
—no marked advances in the general form of the machinery 
employed in the textile industries are to bo noted. Neverthe¬ 
less, the im])rovcments in details have been many and in some 
cases of surprising merit. 

The development of pile weaving and of jiile weaving 
machinery may briefly be summed up as follows ; The j)rinted 
warp idle fabric was introduced by Mr. It. Whytock about 
1832. This tos followed by the Chenille Axminstor —in 
which the colours were woven in—about 1839. From 1811 
to 1850 the power wiring loom was developed in the United 
States and introduced into (treat Britain. From 185C to 18()7 
the power “ tufting ” or Axminster loom was developed, and 
finally, in 1878, Lord Ma.sham succeeded in weaving two pile 
fabrics face to face, the pile stretching between an under and 
ujiper ground texture being severed in the loom by a knife 
which traverses from side to side with this object. From 18J0 
to 1910 the chief innovations have had reference to the cutting 
of weft-pile fabrics in the loom, the introduction of the looping 
or cutting wires through the reed, thus doing away with the 
necessity for any wiring mechanism, and certain marked 
improvements in the mechanism for producing Chenille 

Axminster fabrics. 

***** 

Along with the d(!velopments outlined in the foregoing pages 
came the factory system. This system was no doubt evolved 
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by the disturbance, of tin; balance of trader due t# colonization 
ancf tk« various inventions noted. One thing reacted upon 
another, production iiun-eased production, spindle stimulated 
loom and loom s))indle, until eventually a terrible strain was 
put u|)on those actually engaged in the factory, and in many 
(Mses humanity was sacriticicd on the altar of incnaised pro¬ 
duction, most awfid conditions prevailing. Slowly, however, 
the position of the worker has becui imjjioved both by direct 
and indiiect legislation. Foreign coni])etition has no doubt 
retarded still further im])rovements being carried into elfe(^t; 
but the rapp-ocliemml. of nations due to increased facilities 
for communication must inevitably lead to a levelling up and 
to labour idtimately recei\ ing due r(‘cognition both with res])ect 
to the conditions under which woik is doiU! aiufthe ja'ciiniary 
benefits deriv'ed from such work. Sinc(! the War this move¬ 
ment has boon mo.st markedly in evidence', even the Fastern 
nations agreeing to an eight- or idmelioiir day. In Furope 
and America the status of the worker is being still furtlier 
itn])roved by means of tine Whitley Works' (touneils, bv welfare; 
weu'k, by .scientific management anel by ])re>(it-sharing se-hSmees. 
The'se' anel eethe'V similar eleve'le)pme‘iits, wheiii rightly intreielue'e'el 
into the' factory, tenel te> lift the; wheih' teem; eef the; te.vtile 
industries. 

In List IT.,1 the cemcemdlant e'arly eleve'leipments e>f Me'e'hani- 
cal Methods of Manufae;ture', Organizatiem eef the; Industry and 
of Markets, arc gi\'e:n. 

* Noth.—T his list wees f^iveii in a efiffe'i'eent feirni in the eertielo eju 
“ tVuol C'eeuebing " aiipearing ill “ Techiiits ’’ for August, I'JUt. 
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CHAPTER II 

THE WOOL, SILK, COTTON, FLAX, ETC., GKOWINO INOUSTEIBS 

The sources of supply of raw materials must always 
claim the careful attention of siniiners ami manufacturers, 
even if they have not to deal with the material at lirst hand. 
It may he ipiestionahle if all the fluctuations in price of 
cotton, wool, etc., can he accurately gauged by the most 
careful study of the economic conditions of the supply; 
but of this we may bo sure, that a sound knowledge of the 
conditions of production and consumption will in a large 
percentage of cases enable the spinner or manufacturer to 
correctly judge the situation and thus avoid mistakes which 
otherwise would most surely he made. We must not forget 
that the successful man is he who makes the fewest mistakes! 

About a hundred years ago most wonderful advances 
were being made in both wool and cotton growing. The 
development of the Continental merino wool trade, 
folloyved hy the still more remarkable development of .the 
Colonial wool trade, and later by the development of the 
South American wool trade—these and other minor but 
important influences have resulted in changes of momentous 
issue. Cotton much earlier than wool seems to have felt 
the coming revolution, becoming acclimatized or being 
further developed in the United States of America, the East 
Indies, Peru, and later in Egypt. It is further interesting 
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to note that ot late tluin; has been a most tteeided unrest 
in cotton j)roducing and consuming circles, resulting in tlie 
institution of the Jfritish Colonial Cotton Crowing Association, 
which, if somewhat languishing before the war, is now 
ihreatening to again revolutionize the cotton markets. Silli 
also has made a remarkabhi advance, owing to the discovery 
of the possibilities of reeling (lertain wild silk cocoons and 
tlierefrom making a good (piality of not sillc. None the less 
remarkable have been the develojnuents in die waste and 
artificial silk industries. Flax has never markedly changed 
its centre of gravity—at least so far as production is eou- 
eerned—this no doubt being due to its being one of the fibres 
most easily spun by hand, and hence having been in general 
use prior to the industrial era. Its cultivation was much 
more flistributed up to about 1870, but the chief centies of ' 
flax production, Ireland, Russia, Cermauy, Holland, and 
Relgium, are all old established. Other vegetable fibres, such 
as China grass, Phormium 'J’enax, etc., have from time to 
time appeared, and it does secni as* if at la.st China grass has 
come to stay; esiiecially is this remark true for the maStling 
industry, which during and since, the war has made a mark.ed 
development. The billowing sections, which must only be 
regarded as notes, give a broad outline, of the development 
of the respective industiies. Perhajis such notes pos.ses 3 a 
value which is not diminished but rather accentuated through 
their very brevity and triteness. 

The Wool Growing Industry.—The, sheep as we have it 
to-day is said to be a development, through years and years 
of selection and acclimatization, of somewhat rough-haired 
animals originally reared on the central plains of Asia. The 
evolution of the sheep was.no doubt dependent upon the 
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advancement'in civilization of the peoples ultimately destined 
to spread not only over Asia, but Europe and Northern Affica 
also. It seems quite probable that the Arabs following the 
north coast of Africa into Spain took the partially developed 
sheep with them and by their well-known skill and carefulness, 
aided by climatic conditions, ultimately ])roduced the Spanish 
merino, to which the merino flocks of the world owe their 
origin either directly or indirectly. At the same time that 
this evolution was taking place, the Asiatic tribes who struck 
northward across the central plains of Eurojre jrossibly also 
took with them the partially d(!veloped .sheep which ultimately 
arrived in England. The evolution of our domestic shoe]) 
has recently been brought much more into evichuice through 
the researches of Professor J. Cossar Ewart, E.R.S., of Edin¬ 
burgh University. Thus the short-tailed sheep derived from 
the Urial, Moufflon and primitive herds, as shown in List III., 
have come into Britain, and, in fact, seem to have .spread ovmr 
the whole of Euroj)e, and are still to be found in their ])urc 
form in the little island of Soay, to the north-west of Scotland. 
The lat-tailcd and fat-rumped sheep have also come to these 
islands and, being crossed with the Soays, have finally yielded 
our normal domestic sheep with its long tail. 

In List IV. the derivation of our present-day domestic 
sheep from the mountain and merino types is illustrated, this 
list forming a most excellent key for the .study of the present- 
day breeds of sheep. Professor Ewart’s researches have led 
to the .suggestion that the original sheep was double-coated, 
i.e., it carried an overcoat of long, strong hair and an under¬ 
coat of fine wool. It is further suggested that, in the case 
of the merino, the long, strong hair has been bred out and the 
fine wool developed, while in other cases the fine wool has 



WOOL, SILK, COTTON, ETC., OEOWINC. INOUSTEIES 21 


U'ial. 


Uriiil- 

Sony. 


Medieval 


Early European and African Broed.s. 

List IV. 

Early I’.uroix'an and African Breeds, 

Liter MnunlaiTi Breeds. *. I’retii Jeriini Breeds. 

I 1 I ' 1 ■ r, 

Hustre Mountain Down Merino Eino .Merino 
Breeds. Bre.ed.s. Breeds. Breeds. Breeds. 

lieeii bred out and the strong hair develo|)ed. The Scotcli 
Jllachface sheep to this day carries a strong hair of‘about 
.jJyi inch in diameter and a fine wool of about to 
i(M)o diameter. 

In List V. the derivation of the merinos and the merino 
crosses—termed crossbreds—are shown. 

It seems more than probable that the original progenitor 
of the sheep was black or brown, and it is interesting to note 


List III. 

Moiidlon. Aimnou. 



.MonIHon- Eat- Eat- 

.Sony. Tailed. BuinpcJ. 



ixed .Soiiy. Eat-Tailedx Eat-Uumped. 
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—Merino breeds are placed on the left, Etigli»h bieeils on the right, and Crossbred-, in the centre. * 

So far as may be the histoiy of each breed <hown veitically. Titus the Fiench Ivambotiillet was probably the origin 
; the Vermont ilenno, while the pure Spanish Merino was pos-ibly transferred to tlie South American ColoAies. 
gain, the Leicester breed is probably the most lepie-'eniative of cultivated Engli-h w’ools. etc. 
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that, tlic.re are continual reversion,s to this colnir in some of 
ou» \yhite.st and finest hreeds -Wen.sleydales, for oxainple. 
So n.nch has this tendency marked itself in certain parts of 
Australia that flock's of brown or black .sheep have been 
established. The chanffe in colour of the avera(;c sliec]) from 
brown to white i.s said to ha\'e been duo to (he c.ust.om of 
payine for .shepherdinfi; with the white lambs drop|)ed. This 
naturally led to the she,]iherds ]iromoting the, breeding of 
white shoe,]) as told with reference to .lacob in tlie lliblc— 
with the final result that when tins attemjit was serimtslv 
madd to brcied pure wliite sluiep siuaa'ss wa,s soon achieved. 
Pcrha])s this matter is better ajiproached in tlie lif^lit of 
Mendeliau research, the wliite shoe]) usually beiiifj; dominant 
and ^the. black shei']) roce.ssive. The Cambri^”c University 
School, of Aerieulture and Wye Affricidtural C'olh'f;e have 
obtained some remarkable results in sheep-breedinfj; on 
Meudelian lines, incidentally illn.stratin}' the Anstralian 
saying. “ Three generations to find a breed, twenty generations 
to fix it.” 

It is reasonable to su])pose'that (he .shei'p as a supplier 
of wool and mutton, was n'ci'v widely distributed, and that the 
small ipiantities of wool produced would be spun and woven 
locally until some change upset this distrilmted ecpiilibrium. 
So far as we can tell, the. first change was due to the dei'clopcd 
skill of the Continental workers, probably coming down the 
Rhino Valley and finally settling in Planders. At least we 
know that the skill of the Flemish sjriiiners and weavers was 
largely instnunental in cre.ating England as a wool-growing 
country. The direct ciuhsavours of several of the English 
monarchs cou])led. with Continental wars and persecution.s 
ultimately resulted iu the cstablishmcni of spinning and 
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weavinf? indnsfrics in I'inffland along with wool growing. 
Ncvcrtlicloss the, centralization of industry was only_^j)a«tial 
until, as already pointed out, our eolonizatioii of new Nforlds, 
Continental wars, certain nieclianical inventions, and the 
ai)))lication of water and steam-power gave rise to the factorv 
system, which in its turn reacted upon the raw material 
pr(,lucers and ultimately resulted in the development of the 
(!a|)e, Australia, New Zealand, South America, the East Indies, 
etc., as the great wool-producing centres, although England 
still holds its own for its specially useful types of sheep. 
List, II. gives an idea of how these markets de\elo|)ed a'nd at 
th(i saiiK! time affected tin; production of wool in the older 
wool-groHing districts. 

It will bo noticed from these lists that the most marked 
developimmt of the llotany ivool trade took place bftwiam 
ISthO and 1880, eoineiding with the develojiment of combing 
machinery capable of de.aling noth tine, short wools, and with 
the invention and d(we.lo|)ment of the self-acting woolhm 
mule. In fact thes(! li.sts conclusively prov'c that, the develop- 
immt, of the growing of line w.tols was largely deix'iulent upon 
the invention of machines with which to work them : thus the 
wool comb and tiu! self-acting mule were really the deciding 
factors. Of course woollen yarn had ))rcwiously lasm spun 
on the "billy” and "jenny,” and Botany wool had been 
combed by hand, but these being all hand ))roees.ses were the. 
natural but very marked litiiitations, and it was only wIkui 
the.se limitations were removed that the most noteworthy 
advance was made- just as the develojuneut of these inii)roved 
hand methods had caused a marked rise in wool production 
lifty to seventy years previously. 

It was the wonderful direct iutlucnce of the Australian 
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Pig. 1. - Wools an«l Hairs (tbo lionximtal divjsioiw - I inch). \. Lni^olu; 
B, Koiit ; (', Shropshire; Ih Austi.ilian ('los^hn-d ( KiV); K, New Zealaial 
(‘lossbiial (‘Id’s); P, Ihu'iios A^ros (Vo^^^hr^'d (ION); <I, Ausii.iliaii Merino 
(70’s) : 11. IhKMios Avh's Mernxf (OO's); 1, ('.qm Merino (Ol’s); .), TurKcjy 
Mohan ; 1C, (’apo Molian ; L. ('aslninwe, M. ('aiia'lN 1 lair . White Alj'aea. 
A’e/e.—Tlie piesenco oi uh.s(‘nc(‘ of grease on these natural wool .sla])los 
has att'ccted the colour. 

cliniiito upon the flina'cs whntli (ir^t, Ciilhal Httoiitioii to Aiistnilia 
as a j)ossiblo lino wool-jijrowine centre. The climatic (am- 
ditions, however, .wiTe^not the same all over the island 
continent, so that later developments have tuketi the line of 
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liQavii^r sh(!(!ji of a f^rciitcr value from a “ mutton ” point of 
view, with a con.secjucut development in cro.s.sbrc(J, viool 
growing. When wool wa.s down at a very low price in 1301-2, 
“ mutton ” became the chief factor in the case of afl land.s 
carrying cro.ssbrcd oi' heavy sheep-iis was also the ease 
during these y(!ar.s in England. A largo part of Anstralia, 
howevei-, is only fitted for carrying the. lighter merino breed, 
and thus will never be marKoidly affected by the frozen mutton 
trade. The great drought of 1897-8 and later Australian 
droughts of a s(U'ious character, in conjunction with a tendency 
to breed fewer shoe]) in otiuu' countries—South America and 
Canada., for example—hiive sugg(«te,d the possibility of a 
world shortage of wool. For the time being the wool market 
is congested (October, 1920), but when this ])asscs away it 
do(!s sccmi ])o.ssible that the newly developing sheep-bleeding 
districts in Fern, India, China and Jajian may make iise.ffd 
and neee.ssary contributions to the wool recpiirements of the 
world. 

N(nv Z(\'ilanfl, having a e,|i]nate more akin to that of England, 
has always ])roduced wools of the crossbred type, merino 
shctrl) being brcsl in some few districts only. 

The CafU! has been a wool-producing country longer than 
Australia, but climatically is ap|)areutly not so suitcjd to the 
production of wool of good type. Of late much has been 
done ‘to improve Caiie wools, and they are naturally more 
sought after, es]ii>eially by the Cermans, who seem to bo 
specially capabl.' of manipulating them. 

Of recent years the country which has advanced most in 
wool production is Mouth America. Originally a common 
sort of merino wool was grown, but now, ow'ing to careful 
breeding and seleotion, both fine Botany and well-developed 
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crossbred an^ even English wools are ])roduced. The wool 
capabilities of the Hoiith American Continent an;, by'' no 
means exhausted, and it scorns a ])ity that we English tailed 
to realize the wonderful potentialities of a country likely in 
the near future to i)lay such an important part in tlie world’s 
history, ft is ])iinci])ally to this country that the £1,000 
Lii’iOoln rams arc continually being o.xported. 

The United States of America very early attempted and 
succeeded in establishing flocks of sheep ranging from cross¬ 
breds to truly fine merinos, although, as already j)ointcd out, 
they at first as colonists drew practically all their cloths from 
the mother country, and still take large quantities of the 
finer goods. That the United States is capable of producing 
a fine merino ftool is proved from the use—rightly or wrongly 
—which has been made of the Vermont merino shcej) in 
Australia. This use, however, has been made with the idea 
of producing a heavier fleece rather than a finer wool. America 
still buys hlnglish .sheep and English wools, the importation 
of the sheep probably being ncccs.sary to correct the tendency 
to dirgcnerate owing to climatic conditions. It is interesting 
to note that the United States now grows about half the wool 
needed by the manufacturers, and her total wool manufacturiflg 
trade clo.seIy rivals that of Great Britain. 

Of the hairs manufactured into fabrics of various dcscirip* 
tions,'Mohair, Al|)aca, and Gashmere are the most important. 
Horsehair, Gow-hair, Rabbits’ fur, etc., are used in small 
quantities only and for very special purposes. In List VI. the 
sources of the various animal fibres other than wool are 


indicated, and in List VI A. th(! variations in the camel repre¬ 
sentative in South America arc graphically shown. 

That mohair was used in England two to three hundred 
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years ago is evident from allusions to mohair fabrics made, 
for^cftmple, by Drydcn. These fabrics, and later mohair 
yarns (hand spun), were no doubt imported from the emporium 
of the East, and it was only about 1818 that sup[)lies in 
([uantity of the raw material commenced to come into this 
country. Various restrictions were at first ])laeed upon the. 
ex[)ort of the hair, but now it is an established trade and \*erv 
considerable in bulk. More stringent restrictions were placed 


Goats, 


List VI. 

Common Anci'stor. 


Caimds. 


^hei'p. 


Li, ST VLv. 

Iliianaeo.' 



Vienna. Alpaca. Llama. 

s, \ 


Special Cro.ss. .Special Cros^ 

on the export of the Angora goat, but owing to a certain 
amount of vacillation flocks have been firmly established at 
the Cape and also bid fair to become established in California 
and Australia. Turkey mohair still maintains supremacy so 
far as quality and lustre arc concerned, but Cape mohair, 
which, by the way, is clipped twice from the goat each year, 

* This animiil ran;;es Roiith America from Peru tp Pat,r(;nriia. II h still 
opm to iloubt whether it slioiilil lie reeardeil iis the iiroiri niliir of Vn umi. 
Alpaca ami l.laiiia, or whether ^all should he reteried to a eominiiii 
aucestoi'. 



row runs it' /ery close. The Australian supplies are not yet 
of much moment, wliih^ the industries of the United'^i'ate.s 
consume all f^rown in California. 

Alpaca comes from the Peruvian sheep or poiit- This 
hair, althouf'h used in various forms for ceiduries by the 
inhabitants of Pm'u, claimed no .sp(a-ial attention in this 
cotmtry until Sir Titus Salt diseoNuu'ed it and produced his 
famous “ ali)acas.” The fibre is long and silky and in some 
respects-'iiotably softness -is superior to mohair. Most of 
the so-called “ al])aeas ” sold to-day are actually made of 
mohair, for, curious to relate, while the supjilies of mohair 
ha\’e (piadrupled during the ])ast fifty years, the sui)plies of 
alpaca have almost remained stationary, as all attcmipts to 
naturalize the' slua^)) outside Pern have failed. 

Cashmere is obtained from the Cfashmere goat, being the 
under-hair which is jjrotected from the weather by a long 
coarse over-hair, and in turn no doubt serves the jmrpose of 
keeping the goat warm. This mat(aial came into notice as 
a useful fibi’e from the wenderful cashmere shawls which are 
so roiiiarkable for their softm^ss and fineness. The supplies 
of this mat(U'ial are in the hands of a select few and it is used 
for Very special purposes. Soft, line Botany wool is, however, 
freipiently .sold in a manufactunid state as “ cashmere.” 

CaiiKils’ hair is obtained chie.fly from China and Russia. 
The coarser kinds or hairs are ased for such purposes as 
(camels’ hair belting, while the “ noil ” or short soft fibre 
i.s used for blending with wools to yield special effects. The 
conddng of this fibre, as also of Iceland wool, is very intere.st- 
ing, the idea frequently being to comb away the long fibres, 
leaving the “ noil ”—usually the least valuable jiart of the 
material—as a softdiandling and/ e.xceedingly useful fibre. 

Cow-hair, r.ibbits’ lur, etc., arc only used for very special 
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tcxtim's. Hiibliits fiir, Jiowovcv, is iiscil to ii»c()iisi(lor;il)li‘ 
the felt trade. It is lien' iiiterestinj' to note that 
the liUest fibre inirodiieed into the iiiiinufaeturinf' world is 
the under-wool of the musk ox, the t'.iniulian traveller, .Mr. 
Stefans,son, having forwarded a. coiisigniiient of this to the 
Universilv ol Leeds. The lilire is softer than eashniere, and 
jiroinises to be of marked value in the industry. ’ 

Hefore leaving the wool iiidusiry referenee mu.st be made' 
to the remanufaetnrt'd materials, whieh briefly are Noils, 
Mungo, Shoddy, and Lsfraet. The idea of using over again 
materials whieh have alreadv si'rved for elothing musf. lie 
very old. It was nof, iintd LSI.'!, however, that the Vorkshire 
elothier.s succeeded in tearing up hard wool rags and there¬ 
from producing a material cajiable of being .spii'n into a fair 
yarn, e.specially if blended with oilier bitter materials. The 
operations ueces.sary for this " grinding-uii," 'b i« technically 
termed (although in truth the o|)eration more triilv consists 
in a tea.sing out), are dusting, .seaming, .sorting (according to 
ipiality and colour), oiling, and grinding, Obvion.sly hard- 
spinnei.s’ waste would he most diliicnit to reduce again to a 
fibre .state, but machines are now. made that will grind up at 
leiiTit anything of wool ; cotton, however, is another matter. 
The terms mungo, shoddy, and extract refer to the original 
ipiality of the goods from which these materials are ])rodnced ; 
mungo being ])rodnced from suit short wool good.s, shoddy I'rom 
longer and crisjier wool goods, and extract from goods made 
of cotton and wool from which the cotton is removed by the 
“ extracting” jirocess, the remaining wool being then torn ii]) 
into a tibroiis mass. 

To su|i])ly this trade large ipuintities of rags are imported 
into this country from the llontineiit, the Dewsbury and 
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liatkiv (lisli-i.'ts working; up u very kirf'u proportion. Quito 
recoutly tlio Aiuoricans ma(l(! ji very detc'rniinoil to 

^et liold of tliis trade, seiidine representatives into tlic Dews¬ 
bury district, Tbey liave uudouliteilly been sueeessful, 
illtlioueli they cannot, yet treat these materials ipiite so 
ellieienlly as the Dewsbury men. (.leriuany has also a 
rebuinufaetured materials trade of considerable moment.' 

'Hie, “ noils” relerred to above, ar<^ the short fibres rejected 
from either Knelish, Crossbrerl, or Botany wools, or Afohair, 
.■\lpaea,ete,,durinf' tlmeombino operation. They can not be con¬ 
sidered as ipiite eipial to the orieinal material, althoueli they 
are undoubtedly superior to munvo, shoddy, and e.ytraet: they 
may have lost, a little of their elasli(aty, but, their scale slriubure 
is not so null'll danuieed, nor are they so much broken up. 

Soft wastes (i.c., wastes into which little or no twist has 
been inserted) and hard wastes {i.e.. wastes into which twist 
has been inserted), from worsted spinning rooms, are now both 
brouelit back to a jierfeet fibrous state by the (taruettiue 
machine, and form .some of the best materials used by the 
wooc'.len manufacturer. In some few cases the larger of these 
wii.-ttes are actually recombed on the Krench comb. 

,\ll the.se materials are either used alone or, more frei(uenl,ly, 
blended with better or what one might term “carrying 
materials.” tkitton and niiingo, for e.x'arnpie. often compose the 
bleiwl for a, cheap but effective yarn for t he Leeds woollen trade. 

1'he, following tables, taken from the “Statistics of the 
Worsted and Woollen Trades,” ])ublished by the Bradford 
Ohamber of Commerce, give a bird's-evi' view of the jiast 
and pre.seut constitution of the wool industry; similar jiar- 
ticulars respecting the other industries are given in the .special 
chapters devoted to them, 

' 'I iie le iii.uiiit’aciitioi iiiat(.-tiul& iii (tK-ut Ejifum total up to 

about «40,UUU,UU0 Ibti. unuuiu. 



Estimatk ok thk W'ooi, Grown in thk Gnited 
Kingdom in 1914. 


Counly. 

jsheep and Lambs. Weight jier 

1 1913. 1 lloeee. 

ToLil weight 
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3,44'l,72() 

Nottinghiiiii 

I7:t.412 

7i 
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2.4I2,I6'» 
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797,(Kil 

7 

.‘.,679,(121 

Glouccfitcr . 

292,11!) 


2,044.8.{ < 

Hampshire . 

2!M,I41 

IS 

1,319,14 { 

Oxford. 

IH.'.,0f>7 

61 

1,219,201 

Northampton 


«1 

2.171,561 

Jliitland 

79,ftfl7 

7 

rM7,669 

I>eiccstM . . , 

277,191 

7 

1,912, n7 

Warwick 

229.rt.'>S 

7 

l,.'>44,006 

Kent .... 

f<Ul.2n 

7 

6,049,177 

Ireland 

:<,ri20,72l 

6 

2I.72U4I 

Soiiicrsct .... 

. 4()(),')2') 

7 

2,806,'.03 

Hcrcfonl 

.lll.<,MI)4 

•w 

1,746,873 

Won ester 

I2U.67H 


718, {‘18 

Staflonl 

IS9.'l2rt 


l,0'.)2.i)71 

Slirop^lilre 

447,;.')!) 

6 

2,68.5,5.51 

Uuntiiiudun 

07,1 m 

6 

402,876 

Bedford • . 

fi‘l,4HS 

6 

f 416,928 

Berkshire 

128,HI.» 

6 

772,890 

Huekingliain 

163,449 

6 

980,601 

Cambridge 

134,361 

6 

806,166 

Herts.. 

72,976 

6 

4$7,9r.6 

Norfolk 

4Ui,698 

6 

2,410,198 

Siitfolk. 

2HH,g(M) 


1,414.1)00 

Essex . 

181,168 

41 

828.756 

SlIfTeV. 

47,49rt 


213,727 

Middlesex 

14,326 

71,6.10 

IwOndon .... 

2.164 

6 

12,984 

Sussex. 

379,181 

41 

1.706,314 

Wilts. 

392,15'* , 

41. 

1.764,607 

Dorset. 

292.‘)7.{ 


1.464,865 

Scotland 

6,801,126 

r> 

34,()05.6 {(V 

Northumherl.iiid . 

1,089,474 

6 

6,.536,841 

Cumberland .... 

r>87,27l 

6 

3,.52.1.626 ' 

Durham .... 

229,378 

6 

1,376,268 

Westmoreland 

398,684 

6 

2,392,104 

Yorts—North Uidiiig 

694,214 

6 

1,165,254 

Yorks.—West Hiding 

638,267 

6 

3,829,602 

Lancashire 

31.5,478 

6 

1,892,956 

Derbv ... 

126,89.5 

6 

779,370 

Chester .... 

80,.no 

41 

862,495 

Montaoulh .... 

206,037 

41 

027,166 

Wales. 

3,393,848 

■ij 

11.878,468' 

Sheep and hainhs in 1913 

27,552,136 


155,084,617 

'Slaughtered 

11,294,858 at 3 

33,884,574 

Net Clip of Wool In 1914 



121,200,043 


* The fluurefl necessary for (aloiilatiiig the number of sheep slaughtered in IrcUml are 
not available, but an estimate has been made on the assumption that docks in Ireland will 
have decreased in the same proportions as flocks In Great Britain. 

NOTE.—The sheep and lamm of 1918 produce the wool of 1910. The I(M.s of wool on 
the slaughtered sheep, estimated at 3 lbs. per fleece, must, of course, be deducted from 
the total {K^sible-yield. The above figures efe, as usual, exclusive of the Isle of Man and 
Channel Islands. 
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Estimatk of Wool (Jrown in thi 
IN i9jr) 19. 

Net Clip 4 if Wool 111 MU." 

M)l(> 

M)I7 
MM8 

MH1>* . 

Kl(“v<‘n iiioiiflis. 

The Silk Growing Industry.—At one lime this industry 
was practioally liniiled to (iliina and Japan, in which 
countries the silkworm wa.s i-if'orously Ruardod. Some 
missionaries, however, in the year 5.')‘2 managed to bring 
some eggs to Constantinople, and eventually the industry 
was firmly established ujion the north shores of the 
Mediterranean. Various attempts have lieen made to 
establish the industry eksewhere. Attempts, for instance, 
were made to acclimatize the worm in Ireland, and at the 
present moment a certain amount of success seems to be 
attained in Australia; but rival industrio.s or the unskilful¬ 
ness of the rearers seem to prevent the attainment of any 
success of practical value. The United States, perhaps, 
may be regarded as exceptional in this respect. Not only 
have they developed their own breeds, but they have estab¬ 
lished a most complete silk industry from the worm to the 
finished product. 

The most remarkable development in the silk industry 
was brought about in 1877 by Lord Masham, who, after 
many failures, succeeded in producing cheaply and success¬ 
fully utilizing a most useful silk yarn from waste silks—old 
cocoons, hrushings from the outside of the cocoons, throwing 
waste, etc. This development naturally lead to the utiliza¬ 
tion of wild silk, as tons of these pierced or spoilt cocoons 


•: Unitku KiNonoM 

/ 

I.Ls., 

Il'2.I74,!)77 
124,408,224 
12,7,170,0110 
110,730,277 
11.7,0,78,.704 






Exports of British Wool (Sheep’s and Lambs’) from the United Kingdom. 
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Colonial and Foreign Wool, (Sheep’s and Lambs’) Re-Exported from the 

United Kingdom. 
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Imports of Mohair into the 

United Kixodom. 
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— supposed to be uinvorloible — were available. 

Thus was 

developed the remarkable trade known as the 

“ spun silk 

trade.” Curious to relate, however, the latest discovery is 
that many of those wild silk cocoons can be reeled, as will 

be further explained in Chapter XV. 

The supplies of wild 

silks are not yet exhausted, aff news 

is just 'to hand of the 
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Total 'Kuropean and American Wool Imports. 
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River Tlate 
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2,392,(MM) 
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2,234,OOC 
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Total. 

3.237.000 

2,392,000 

2,2.34,000 


(listovery of wonderful iiesls of cocoons in Africa (Congo 
State), arrangements for the exploitation of which are only 
just being made. •• 

“ Net ” silk (silk threads reeled directly from the cocoon) 
comes to us in the form of what is known as “ singles,” a 
thread composed of just a few strands—say six. In the 
English “ throwing mills ” several of these singles are 
thrown together to make up a thread of the required thick¬ 
ness, with little twist if for weft, or, as it is termed, “ tram,” 
and much twist if for warp, or, as it is termed, “ organ- 
zine ” (see Fig. 25). 

Waste silk is received in thic country in three other forms, 
viz., wild cocoons, waste silk in the gum, and waste silk 
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discharjjod. All these forms are, however, worl<(fl up on the 
same ^)rmciple, which will be dos(Tibe(l later. It is rejwrted 
that the tro|iical forests are full of a usable waste .silk which may 
be gathered and placed on the market at Id. per lb. If this be 
true, there are great pos,sibilities b(dore the waste silk industry. 

• 

The Cotton Industry.—The cotton imlmstry seems to be of 
Asiatic origin, and appears to have ap|iertained more jiar- 
ticularly to the JIalmnudan religion, as we, hear of .Mahomet 
going about with the Koran in one. hand, a sword in the other, 
and a cotton shirt upon his back. As already |)ointed out, 
flax, being a material more readily ajmn, would naturally 
claim first attention; It seems probable, howeviir, that India 
was unsuitable for flax cidtivation, while the cotton ])lant 
was twidcntly indigenous. Thus attetnjits would no doubt 
be made to utilize this very nice-looking fibre, and eventually 
cloths very suitable for the Indian climate would be produced. 
These fabrics being shipjied to Eurojie no doubt ultimately, 
resulted in the cotton trade being established in various 
centres, but only on a very small scale. It was, as we have 
already seen, the mechanical era which gav(( life to the cotton 
trdde and resulted in the devudopment of the cotton-growing 
industry in the Unitc.(l States, the West Indies, Peru, the 
Sea Islands, Egypt, and later- under the auspices of the 
British Cotton Growing As.sociation—in Africa. Our chief 
supplies of cotton still come from the United States, Egyjit 
and the Sea Islands .send us long-stapled cottons suitable for 
the Bradford trade, while Peru 8up))lies us with a woolly 
cotton very suitable for blending with short wools for the 
Leeds and district trade. 

In Fig. 3 the chief varieties bf cotton are illustrated. 
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■ 

WBST AFRICAN. Oamlila. WeST AFRICAN. Ugos. 

from Americaa seed. 


1 

INDIAN. Oomrswattee. 

INDIAN. Bengal. 



INDIAN. Broach. 

INDIAN. Tinnivelly. 

Fl». 3.—The Cotton Fibres of Commerce. Sente,,] inch to 1 inch. 
Arrangeil and photographed by F. W. Bnrwick, Esq., of the 
Manchester Chamber of Coufu’ierce Testing House, 
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BRAZILIAN. C«af#. BRAZILIAN. Pernnm. 



NYASSALAND. EgyptlaO. EOVPTIAN. Mltaflfl. 

Fia. 3.—Tlie Cottou J’’il)ro«< of rominuvcu. .^cule, } inch to 









44 


TKXTILKS 


EGYPTIAN. YannovKch. 



PERUVIAN. Rough. 



AMERICAN. Carolina Sea laland. 


PERUVIAN. Smooth. 



PERUVIAN. Sea Island. 



AMERICAN. Georgia Sea Island. 


Fid. .’J.—The Cotton l’’ilne8 of Commerce. Scale, ^ inch to 
I inch— ('iHtitiueil. 
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1 .• I 


AlHtRICAN. Florid. So Isl.nfl. AMUkICAN. Te...; 


i 


AMERICAN. Upland. CHINE5I;. 

Kk;. o. — Tho I'ottoii J-’il)i'es of Coraiiicrco. fiiiilo, i inch to 
1 inch— 

> 

j The cotlon-f^i-owing eouiitries of the world nro shown in 
Fig. 4, from which it will he noted that practically the torrid 
zone is the cotton zone. Of course soil and other conditions 
in part determine whether cotton can he grown, hut it is 
evident that much heat is desirahle and even necessary, 
and, as a consetjiience, that tho host available lahoiir is 
hlack lahour. The [Inited Stales has its “hlack helt,” 
and in our attempts to grow cotton in our Colonies -and in 
the case of French Colonies also—it .seems as though we 
must be largely dependent upon black labour. 

The cotton fibre is produced on three varieties of plants, 
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viz., Gossypium Jiiirliadcnse, or the true Sea iKlaiid cotloil 
plant, wliieh, yielding the best typo of cotton, is the original 
basis of'miich American, Egyidian, and Indian cottons; 
Arboreuni or tree cotton, yielding a rougher cotton, coming 
to us from Jlrazil and I’eru; and Ilerhaccum, or the variety 
of the ordinary cotton plant from which American cotton is 
largely produced. 


The Flax Growing Industry.—Tho Ihix lihre is one of tlu! 
oldest tihres of which we have any records. The Jiihlical 
rcference.s to flax (or linen) are numerous, and remnants 
of old linen fabrics aid frequently coming to light in tho 
exploration of the sites of the older civilizations.o Tho w riter 
has just been asked to analyse some linen fabrics dating 
back some 2,000 to ;(,000 years. The following are the 
results:— 


Li.st VI1.—Analysis of Mummy Glotiis. 


Weigh! yaiil, 

r<Ml.n ^ 

ciidli 

I.IIIUII. 

N- 1. 

N'l. 

No 

No 1 

d 

No ,1. 


S 1 >/s 

12‘, 

I2f ozs. 

m,; o/,s. 

Mi;j 07.S, 

11 g ors. 

CountM of wjirp . 

1 ;i;; ;j 

linen 

V-’fi 7 

‘ 10:5 
linen 

•,'32-7 

'/2I-S 

linen 

»;2U'l 

linen 

Counts of wcf( . 

'pw 

'/lii's 

' UK 

V-ri:; 

'/IS 1 



linen 

hnon 

limn 

lim.'ii 

limn* 

liDcn 

Threads per ineli 

4i; 


2S 

S4 

50 

80 

Picks per inch 

Strength of waip 

lit 

21 

IS 

;{7 

25 

27 

(single ttiread) • 
Elasticity of warp 

72 i>z!> 


2*77 ozs 

" 

i-;ii ozs. 

l’t)50Z8. 

(single thread) 
Strength of weft 


— 

•272 ' 

■ 

•521" 

■478" 

(single thread). 
Kliu^ticity of weft 

dl'ihi o/,s. 

— 

.VOl tizx 


♦»‘23 o/s. 

1'7 ozs, 

(single thread) 

•172" 

— • 

•:474" 


■2HH" 
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• Tho flax tibre, coming as it does from the stem of the flax- 
plant, naturally requires very difierent climatic conditions as 
compared with the cotton fibre. Although its cultivation is 
still very dispersed, the chief flaxes arc Irish, Belgian, Dutch, 
German, and Russian. The stalks when judged to be ready 
are i»ulled up by the roots, either by hand or by one of the 
recently introduced pidling machines, placed in the dam to 
rot or “ ret,” as it is termed, dri(!d and “ scutched,” this latter 
operation resulting in the cortical oi- non-fibrous matter being 
separated from the fibrous matter. Dew retting is practised 
on the Continent, and sometimes chemical retting also; but 
whichever system is adopted, the ide,a is simply to separate 
the fibres from the cortical and pith-like substance with which 
they are enveloped with as little damage to strength, length, 
and colour as possible. Many substitutes for flax have come 
forward from time to time, but none have stood the test, with 
the possible exception of cotton, which scorns to have made 
considerable omsroachmeiits during the past few years. China 
grass or Eamic may in the future have some influence on the 
flax industry, but it has hardly yet been felt. 

Other Vegetable Fibres.—It is useful to obtain a general 
idea of all the vegetable fibres, as one cannot foretell which 
type is likely to come more markedly into use, or what 
particular type of plant is likely to yield a fibre suitable for 
special and up-to-date requirements.^ In List VIII. the 
origins of the various “ vegetable hairs ” are given. In List IX. 
the physical compositions of the vegetable fibres are given. 

* The use of Sisal hemp in the place of horsehair by the Italians is 
a case in point. 
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List X. is a practically complete list of the vegetable hairs* 
and fibres. 


List VIII.— Ve(;ktahle Hairs. 


Ori;,'[n. 

1 Natural OnliT. i 

Typical Kxatiipld. 


/Malvaceie 

Colton. 

Entirely covering, or in 

1 Ascl(‘piadacea! 

Madar Fibre of India 

]MVt cuvei'iua: the soul 

1 A))(K'Viiac<‘;e 

Pciiwinklo. 

UKaothi'nicf'ie 

Willow-Herb. 

Contained in the ^lo^^ or. 

j Typhneca' 

Biillrn>li. 

j t vjfciaccio 

( otton ( irasfl. 

r.iiiiii" iiitorioi' of fruit . 

lioiul)uce:o 

(lloi’se-clii'stnnt. 

1 Red Silk Colton of India 

Twigs and leaves , 

( Filie(*s 
tMuscineio 

Finns. 

J’eat-moss Filwo. 


List IX.— Vhortarle h'liutKs. 

(a) Eiurk.s I’ouMKi) OF SiNots Cells : 

Rumie— 

('lunu OrasH—(lisinto;'rutPil. 

Elax—disintegrated [i.e., too far retted). 

{h) PiDRKS AssucLvn:!) IN bcNin.Ks: 

Jute—unbleacliod. 

Elax. 

* Deccan Hemp. 

Ramie—not disintegrated, 
lleirip—well prepared. 

(c) Eiuhks ’io(iETHKK wn-ji Medullary Ray Cells: 

Sj!*u 1 Iloinp. 

{(I) I’lURES TOGETIIKU WITH pARE.NXliVlIA CEIXS: 

Sunn Hemp. 

Mudar Eibie of India. 

(c) FiBiiKs AND Vessels: 

Phomium tenux or New Zealand Flax. 

Musa or Manila Hemp. 

Ananas or Pineapple and Rauauu Fibre. 

E 


T. 
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List X.—Complete List op Vegetable Hairs 
AND Fibres. 


TiThiiical 

Nutiii*. 

IXKial or (iiMiFial Name ami 
Location. 

Scientillc Name. 

CottjJU. 

1. Tree Cotton . 

Gossypium arboreura. 


2. Amoricuu, Ahic-an, anil 
Indian Cotton 

,, Barbadouso. 


2ii. Sea Island Cotton . 

,, marithnum, etc. 


2b. J^ornviaii or Jlrazil 
('otton 

,, acuminata. 


lb Asiatic (Jottoii 

,, lu'rbucftum. 

Mriodendrou Aiifractu. 

Kapok 

White Silk (Jotton of Fast 
Indies 

SoNiul. 

Rod Silk Cotton of India 

Hombax Mulabaricum. 

Silky (’ottoii 

Down Tree of Aiinonia and 
Jamaica 

Oi’.hroma Lagopus. 

.. 

Wliite Silk Cotton Tree of 
India 

(^\>chlospennum Gossypium. 

VcgetaMo 

“Mudar” or “ Yercuin” of 

f (.’alatropis gigantea. 

Silks 

India 

\ ,, proceru. 


Of llenjjral .... 

Beaumontea graiidilloi a. 


“ Yacban ” of the Ar^^mitine 

(’horisia insignis. 

Elux . 

Flax or‘Mail” . 

(iiimm usitatissiiin. 

ileni]). 

Sunn Hemp 

Crolalaria juneea. 

Sisal of India and Queens¬ 
land 

Sida rhoDibifolia. 

* I • • 

Manila Hemp 

Miisa textilis. 

■* ^ 

Sisal lieneopien or Yucatan 

[Agave rigida. 


Hemp. (An aloe) 

jVar. longifolia. 

it • 

(’hiueso Hemp . 

Abutilon, etc. 

II 

Common Hemp . 

Cannalns sativa. 

„ . 

Rajmahol I lomp of Northern 
India 

Marsdeiiia tenacissima. 

White 

Jlombay or Manila Aloe of 

Agjive vivipara. 

Fibre 

America and Fast India 


1, 

Istle of Mexico . 

,, heteracaiitha. 

Furoroca gigantea. 


Maritius Hemp of South 
Aineri(5a 

Flax-like 

Buazo Fibi-e of Guinea and 

Securidnea longipeduui c nlata. 

Fibres 

Niloland, etc. 

>» »’ 
Flax a 11 (1 
Hemp Sub- 

Siberian Perennial Flax 

Linum peronue. 

1 Spanish Broom. 

Siwirtum junceum. 

\ Keudu Fibre . 

Apocynum Venetum. 

Jute . 

Jute of India and China 

Corohorus capaularis. 
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List X,—Compi.ktk Llst of Veoutahle Hairs 
AND Fibres— ooH/t«-HoL 


Local or (ii'iicul Naiii'- .iiiU 
Jiocalioii. 


Jut© . . Juto t>t’ ('iili-Hltii . . . (\)rch(ini 8 Olitoi Ills. 

M • ,, AmcTicii . . . Almtilnii Avkmmiiih'. 

W(‘st Ai'noji . . ll«tiickciiMi ticilolui. 

Jutc-hko from I.iii'os . . lloiwkmyii licifolia. 

Filires 

(.'hiim (Iruss I’clinn M;i (ToiiijKH'uto Zono) liorlimona iii\oii. 

M n ' Hiimii* or R 1 i(‘!i (Tornd Zoiio) \ iiiiutiim tciiacis.sMiiii. 

1* !• ! Fuiiiulii Ni’ttlo Kiliio . . Liipoi'toii CaiiJuliMisiH. 

N©ttle l'jl>r('s| TasliiaiI (HiiiHilayiif') . I)oliro^«‘asin ll\|nilcnca, 
>. .. Nilj'in Nrttic* . . . <lll•olnIltla ln'(oro|»hvlla. 

M .. Maniilia ])iii;;a. 

M M • Ikiii-Suvat of Jiulia and La|K)rt(‘a crciiubita. 

(Vylon 

.. M Ikiii-Jthoa of Assam . . V]l](d)nni<‘a nil(M;^nfolia, 

» .. I Uu'ra of Natal . . Ifiora tonax. 

.. 1. Maiiiaki of I’aciiir Islands . l*i|)tunis allddus. 

n .1 I lt<‘iv of Pacilu! Islands . ('y]»holol>us ina<Tocojtlial 

i‘ulm fioaf i Oil Palm Filn’c . . . Kloosis (iuinoonsis. 

Fibres 


Villi'bniiK'a nil(M;^nfolia. 
Uiora tonax. 

Pildunis allddus. 

('y]»holobus ma<Tocojtlialns. 
Kloesis (iuinoonsis. 


Gri-j'ri Fibre of Wi'st Tndif's | Astrocary. 

Raffia of Aratla‘'as('ar and | Rajdiia Jtullla. 

Africa I 

C'oroj^o l''ibro of Cuba Acioromia ljasios|tntlia. r. 

riantaiii and Ijanana Fibre Musa sajiientiiim \ar. jmra- 
ilisiaea. 

J'iiieapplo Filire of Fast ' Atiaiius sativa, 

India 

Caraj'uata of l'ai'a«i;nay . Bromelia Ar^'entma. 

Fini^'um of Jamaica and ,, ,, 

America • 

.Silk Grass of Jamaica and JlromeliasorFurcroeaCulM-nsis 


Hibiscus or 
Mallows 


j Tobui^'o I 

' Mada;,Mixur riassava . . Diety os))orwa Piassava. 

Deccan Hi'inp. Also known Jlibiseus Cannabinus. 
as Kanaff and Ambari 
Hemj) 

Okro.) „ eseulentuH. 

Royoll© or Rial S(H-ellc . „ SalMlarift'a. 

Maholtiiio (Africa and 1 Abutilou ponjjlocifolium. 
America) • | 
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List X.— Complete List of Vegetable Hairs 
AND Fibres— continued. 


Teclinical 

Name. 

Local 01 General Name and 
Location. 

Scictitilic .N'aine. 

Hibiscue or 

llan-oclira India, or 

T^rena lobata. 

Mallows 

“Tona” Kihre of West 


Lej;ui]Uiu)Uh 

Africa 

Indian Mallow Hemp . 

Abiitilon Avicennte. 

Hhunchi Hemp of Assam . 

Sesbama aculeata. 

Order 

ICa Jlemp of (’hina and 

1 ’ueraria Thunbergia 11 a. 


Japan 

Main Fibre of India and 

Banhiina Vahlii, 

Bowstriiij? 

(’eylon 

Konjelleinp of Zambezi,etc.. 

Sanseviera Quinensis. 

Hemps 



n 

I^anj'ano Hemp of 1‘angane 
Neyunda of i’evlon 

,, longilldra. 


„ Kiikii. 


,, Zeylanica. 


Ifo Hemp of Stmth Africa. 

,, cylindi*ica. 

,, ,, 

Moorvu of Jmlia . 

„ Hoxbiirgbiana. 


Somali Laud Fibre 

,, Fhrenbergii. 


The average lengths, practical and actual, and the average 
diameters of the principal vegetable fibres are given in 
List XI. In Fig. 5 the countries producing the more 
important vegetable fibres not specially dealt with here are 
indicated. The only fibres in the.se lists which call for 
special comment are hemp, jute, and the two forms of 
China grass. 

Jute is the fibre from what is essentially a torrid zone 
plant and is largely used in the carpet industry for sackings, 
while hemp is not quite so much of a torrid zone plant and 
is more particularly used for ropes, especially for shipping 
as it sinks in the water, whi'e ropes of some other materials 
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do not sink so readily and are tlius dangerous to amall boats, 
passing by. 

List XL— Workino Lknotii.s and .\vkiiaoe Diameter,s 
THE Principle Vecetable Fiurks (in inches). 


Nntno. 

1. A^jivo Americaihi or SiVul 

linnp. AijiH't rii/tifa inr. 
Smlfutif (True Sisal hoinp) 

2. Aiiaiiassa or Banana 

Anaiiaii Satim (Pineapple 
Fibre) 

.‘5. Boehmoria Nivoa or (’hina 
(rrass 

•1. Boehmoria touacissiiiia or 
Bafnie 

5. (a) (’oimnon llcmp 

(/>) I’iedinonteso or Giant 
ITemp 

(). ('orcliorus olitoriua or J iite. 

7. Crobilaria jiincea or Suiiii 

Hemp 

8. Tiinum nsitatissiimim or 

Flax 

lb Musa bwtilis or Manila 
Hemp 

Kb Phiirmiuni tenax or Now 
Zealand l^lax 


Workiiin 

Avpia>;p Diampfo 


IlK lit 

:{()— f>o 

inrhis. 

2,in —A iworiide 

liff 

ls-72 

1 _ 1 

A. Ill -1,111' tf 

^ In 

up to 1 1 

lA(>-(lift »> 


ditto 

ditjp 


-18—84 
ii]t to m 

1 t 

tili’.P Soil >j 

1 .Uff 

(10 -120 

72 -114 

TftV.ii — r.h< •* 

1 _ 1 

i 0110 A ;i 11 1 * 

i/ift 

lAft 

21 ;j(j 

1 1 

111 ft II ftftft M 

1 no ft 

ui» to 0(i 

1 _ 1 

'> II ft H .1 


:t(i -182 


iili' 


China grass {Boehmeria nimt) has so often been to the 
fore as a newly discovered fibre and so often prove(l a 
failure that one hesitates to speak of it. The Chinese, 
however, make such magnificent textures from this fibre 
that its prospects cannot be regarded as other than hopeful. 
Whether the Indian form of the fibre, ramie {Boehmeria 
tenaemima) as it is frequently called, will ever yield such 
a plastic wonderful yarn and ^bric as the Chinese get from 





Fig. 
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Chinn grasB {Bochnu'iia nivca) still remains tp he .seen. 
Certainly the possible need for indigo planters turning their 
attention,to growths other than indigo should at least favour 
a really serious trial. The gums in China grass are the 
greatest diflieulty, necessitating its being prepared in a way 
entirety different from linen; when it is satisfacloi'ity 
prepared it is so silky that waste silk machinery is tl o 
most suitable for dealing with it. The ireilniann wi,ol coiiih 
has also been found .to be very suitable for combing the 
slippery fibre. 

At the present moment a great revival in llu! New 
Zealand flax (Plwrmiiim Iniax) industry is taking place. 
Whether success will attend the endeavours being made 
remains to be seen, but of this we may be eertain, that 
there are still many fibres only partially o.xploited, and 
many which have not even been touched, which in the 
future are undoubtedly destined to play a useful part. 

Notes on the Chemical and Physical Structures of the Fibres. 
—The textile fibres of commerce naturally group themselves 
into six well-defined groups, vis., the animal fibres, the vege¬ 
table fibres, the animal-vegetable or insect fibres, the mitteval 
lilies, the remanufactured fibres, and the artificial fibres. 

Of the first class the normal wool fibre may be taken ns 
representative. It is composed of carbon, oxygen, nitrogen, 
hydrogen, and sulphur,' and when burnt emits a disagfce- 
able odour largely duo to the liberation of ammonia, 
which serves to distinguish it from cotton and most other 
fibres. It does not burn with a flash, as does cotton, but 
rather shrivels away, leaving a bead of burnt matter. 
Wool has marked powers of causing dissociation of certain 
metallic salts, this forming the basis of the mordanting of 

• In what maimer these elcmeuls are combined chemists are still 
uncertain. 
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wools prior to dyeing. It is open to doubt as to whether the 
action of dyeing is entirely a chemical or partly a physical 
action. In the case of indigo dyeing, for example, there 
seem marked indications that the action is purely physical. 
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On the other haiul, this cannot he said with the .saifte certainty- 
of most other dyes. Physically, the most remarkable thing 
about wool is its c.\terior .scale structure (clearly shown in 
Fig. 6). Various qualities of wools have this e.xterior .scale 
•structure developed in differemt degrees. Wools seem to 
shrink chiefly because the fibres of which yarns and fabrics 
are composed tend to revert to their original curled condition 
as grown on the sheep’s back, when treated with warm water. 
Wools felt chiefly by Crim])ing up. either on yarn kinks or 
nodes or on the curvature introduced into the threads and 
picks by the weave. Thus the wool fibre seems in itself to 
be much more stable than has been heretofore supposed, and 
milling is chiefly attributable to, as it were, the accordion 
pleating'of the yarn and, more jiarticularly, of the fabric. 
Hairs only show more or less faint indications of the .scahi 
structure, and consc(iuently do not felt so readily. Upon the 
other hand, they are msually more lustrous, their nneorrugated 
and unbroken .surface reflecting the light intact. In finene.ss 
wool fibres vary from to .i,,'.,,, of an inch in diametw, but 
there is no well-defined relationsliip between fincmess and 
length, although the llradford ((uality numbers, such as liff's, 
40’ff, 5()’s, 60’s, 70’s, etc., no doubt suiqjose .some geniTal 
coincidence between length and fineness of fibni. In List X11. 
the corresponding Bradford anil American ipialities are given. 
A year’s growth in length may equal anything from 1 or ‘2 inches 
to 12 or 16 inches, a fair average being 7 to 8 inches. Wool, 
however, if left uncli])ped, will grow sometimes to 40 inches in 
length, and fleeces are on record weighing 57 lbs. The length 
of the wool fibre, as will be demonstrated later, largely deter¬ 
mines the method of preparing and spinning it into yarn. 

Of the second class, cotton ft the most representative of 
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LT3T All. -COMPARATIVK WOOL OCAMTIKS. 


KtiRli'-li I r S A horin-hlic 


(>ri's Tl's blood. 

I 'riiMT-nnnrltT blood. 
oTs <)0's I < hi<‘liiilf blood. 

bS's .■»!'« j 'riii'fociiili(b’< lilood 
J Is ISs j ()iif-(ju;jrtor blood. 

10 >4 n\ ! l/»w blood. 

:{r» .s I0\ I (’otnniou. 

:IJ s db's I Ib.iid. 


I * 

r S A T''intiit> ' t .oirifliiin 
Fmo, 

Kino iiK'diiini. 

.Mcdiiiin I'ltio. 

'riiirc-oiirbl li-' lilood I'lno nirdiuni. 
One-4|Haltoi blood Modiuni. 

l/iu oHo ijuaiti'i blood I/iw roc-dium 
('ominoii. CoatM". 

Hiaul laistiT. 


IIh' '■ s(‘ 0 (l-liiiir.s.” ll is nearly jaire eellulose, the hirmula 
for wl\ieli is given liv A. (I. (Ireen as 

ll('{()fl)—(111 -CM OH 
> = >o 
' ll('{0ll) Olf CM,. 

Klax’ anil the oilier " .sleni-lihre.s.” while largely eoinpo.sed of 
eellnlo.se, are inneli less pni’e in eoinposilion, anil in many ea,ses 
liy their verv iinpiirities may be ilistingni.shed from one 
another (see Iasi IX.). 

J’liy.sieally, eolton a.|i]iea.rs to lake the form of a (hiltened, 
eolla|ised, t.wisled tube; •In fae.t its form is be.st .sngge.steil 
by a thin indiariibber Inbo onl, of nhieh the air has been 
drawn. If unripe, the. eharaeleristie feature, of twii^t, is 
absent, and the cotton neither dyes well nor does it spin to 
ailvanlage. In length the, cotton libre varies from j of an 
iiteh to IJ inches and in diameter averages about of an 
inch. Fig. 7 illustrates some interesting features respecting 
the structure of the eolton fibre. 

The chief characteristic of flax as viewed under the micro- 
.scope is the appearance of node.s, these, no doubt, being 
limitations of growths. Flax may readily be recognizraj by 
the property it possesses of developing curious cross striations 
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wIiMi tmitril with niM'ii^ iioiil and thi'ii miI|iIuii'Ii' ai'id and. 
iodino. of the vi'};i'tal)ln lilircs niav lie renowni/,i‘d liv 

sinnn spauial l■h(‘nn('ld ivaction. Thus jntc. for lAainiih', iniiv 
lie di.stinanislu'd from flax. otc.. liy tlm action ol an acidulatcil 



7 and S.—of CnttoM l•’d^r(''• 'a) iuirj|ta filiO'. 
(ft) ri)»c tilirc. mi'ricnzcd titiro MuTnai.iph nt Silk l-'ilio': 

iliudlat'-^ tllc tttnfolil rli.u.atcr nf Itii* -ilk tilin' aial the 
s]ilittnia iiiiil I'xion-i.in uf Ilia litiiils whic li m. iir in some Tn-iiiih 
Silks. 


alcoholic solution of |)hloro}>liicini‘, flax hcinf' iinchanocd, 
while jute is stained an intense red. 

Of the third class silk is the representative lihre. In most 
of its chemic.al reactions silk is akin to wool, hut there arc 
differences which enable the dyer to cross-dye .silk and wool 
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■ gowla—i.fl.J to (lye the silk one colour and the wool another 
colour, althouf'h there are obvious limitations in thfs respect. 
The silk fibre consists of two distinct parts, a central portion 
and a coating of substances readily nmiovable by hot water, 
termed the “ silk gum.” The central portion of “ fibroin ” 
has appro.ximately the composition : 0,5 Hjj N 5 Oj. The silk 
gum, which oftc.n forms as much as 20 to .W per cent, of the 
natural silk fibre, is usually boiled oil, and only too often 
weight ing addisl, which has a dcletcrions action on the wearing 
(pialiticis of the .silk. Why silk should so re,adily weight-up 
docs not entirely admit of a satisfactory e.xplanation. It is, 
of course, a most e.xpensive fibre, and as weighting agents 
cost 1.9. per lb. and as silk sells at 12 . 9 ., weighting naturally 
pays well. Phy.sically, silk may be defined as a long fibre 
(cocoons contain from 400 to 1,.500 yards) of a twofold 
character, this being due to the silk fluid i.ssuing from a gland 
on (dich side of the silkworm, the ducts from these uniting in 
the head of the worm. Under the microscope the fibre appears 
more as a glassy rod of fairly round form (Fig. 8 ), but from 
time to time the twofold character is [lerta^ptible in following 
(dong the libre. In fineness it is from to of an inch, 
the finer being the cultivated silks and the coarser the wild 
silks. A peculiar feature of the wild tussah silks is that upon 
the fibre being cut it breaks up into a number of fibrils, forming 
a bush-like end. This makes the fibre specially suitable for 
the production of ))lushes. 

The mineral fibres are ))riueipally glass, tinsel, and asbestos. 
As they are of very limited application, their chemical com¬ 
position and physical ipialitics need not be fidly discussed 
here. Cdass naturally partakes of the qualities of ordinary 
glass, but is much more fletdble than would be naturally 
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8uppo,sMl. Tinsel is made from eopper, aluminiun*i, iiud (itlien 
metals drawn out, and partakes naturally of the ijualities of 
the inetalk from whicdi it is made. Asbestos possesses charae- 
teristics which cannot be well defined on paper. As woven 
into cloth it is irref;idar, lumpy, soft, and ]>lastic. It is 
naturally mostly employed ne.'it to heated .surfaces, for 
firemen's jackets, etc. 

The remanufactured fibres can only claim di.stinctive 
treatment from the physical |)oint of view. They mostly 
consist of animal fibres which have been broken np in lenfrth 
and the .scale struetuis! of which has been |iartially damaj'ed. 
The important ([ualily of elasticity has also been seriously 
interfered with. 

• ^ 

The artificial libres are of such itnportancc that it has betui 
deemed advi.sable to devot(! a special chapter to them. 

Notes on the Effects of Chemical Re-agents on the Textile 
Fibres. -The effects of even sirn|)le. re-agents are so marked 
and so diverse that it is very necessary to have an accurate 
and e.vtensive knowledge of such nndiw all the varying con¬ 
ditions obtaining in practice. For instance, boiling water 
will disintegrate and weakam wool while it strengthens cotton. 
AJfain, sul))huric acid and caustic, soda have very different 
actions on the cotton and wool libres. Sulphuric acid with 
heat may be em|)loyed to di.sintegrate the cotton out of a 
cotton and wool fabric, while caustic soda may e([ually Well 
be employed to di.s.solve the wool from the cotton. Cold 
strong caustic soda, however, may be, employed to mercerize 
the cotton in wool and cotton goods without detriment to the 
wool. It is thus evident that absolute knowledge based upon 
incontrovertible experience is necessary if mistakes are to be 
avoided and the best results dbtained. 



CHAPTER III 


THK MEBCKlilZED AND ABTIFICIAI, FIIIBKS EMPLOYED IN 
THE TEXTILE INDIISTBIES 

Meiuibbized Cotton. 

The term mercerization is now aiipliod to a jirocess by 
mounsof which cotton yarn or cloth is rendcrcil lustrous and 
silky ill ai)])earance, and the importance of the process has 
made enormously rapid development since its introduction in 
1895. The production of lustre is accompanied hy con¬ 
siderable luodilicationsin the structural Bp])cnrancp, chemical 
character, and dyeing properties of the lilire, and these 
latter effects of mercerization were first noticed and 
investigated by John Mercer in 18 M. 

Mercerization without lustre is carried out hy steeping the 
dry cotton in a cold concentrated solution of caustic soda 
(NaOII, 50 ’Tw.) for a few moments, and then well washing 
to remove the alkali. This changes the microscopic appear¬ 
ance of the individual cotton fibres from that of flattened 
spifal tubes with thin walls and a relatively large, central 
cavity to that of more or less cylindrical non-.spual tubes 
with thicker walls. The effect in mass of this modification of 
the fibre is that the threads contract in length, become some¬ 
what thicker, and much stronger; the dyeing properties 
being also considerably modified. Chemically the process 
re.suita in the formation of a definite chemical compound of 
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jellulose aiul caustic soda (C|jll|||Oj-Xa()ll)x in a state of 
tiydration. On washin;;. tins is deeoin|ioseil, tlie alkali 
being removed and the cellulose regenerated as a hyilrate 
[CjlIjoGs'lIjOIx which jiermanently retains the altered 
appearance and properties above noted. 

The natural shrinkage thus brought about is made, use 
af in the production of cn'poii elfeets on mixed cotton and 
wool fabrics. 

Iiustreing by mercerization is obtaimsl liy a viu'v slight 
modification of Mercer’s original process; th(> shrinkago of 
the yarn or cloth which would naturally take place being 
prevented by mechanical means. 

“ Mercerization ” 'may also be brought about by the use 
of substances other than caustic soda, e.g., sulphuric, nitric, 
or phosphoric acid or zinc chloride ; the use of those being 
mentioned in Mercer’s original patent. Sodium sulphide 
has also been proposed, but none of these bodies are of any 
practical importance in this connection. 

The Pi'oceas.—The essentials _of the jiroeess are very 
simple, but for economical and efliciimt working the follow¬ 
ing points reipiire attention :—(1) The caustic soda solution 
should be used at a strength of about bo' Tw. and as cold 
as is possible without artificial cooling; (ti) the material 
must be thoroughly and uniformly impregnated ; (d) the 
material must be kcjit in a state of uniform tension mi’til 
the water has decomposed the alkali cellulose; (t) as 
much of the caustic soda as possible must be recovered ; 
(5) the cotton must bo of long staple and the threads must 
not be too tightly twisted. 

Many different mercerizing machines have been intro¬ 
duced, and their relative sucedhs depends upon the degree 
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■ to whicli they satisfy conditions Nos. 2, 3, and 4 specified 
above, and are economical as regards output and labour 
required. The soda recovery apparatus is another import¬ 
ant feature of a modern mercerizing plant. In this the 
wash waters are evaporated to mercerizing strength, and 
the recovered soda is treated with lime to recausticize 
the portio!! wliich lias been converted into carbonate during 
the various operations. 

Bleaching and Mercerizing.—If cotton is bleached after 
mercerizatioii the process of lileaehiug does not destroy the 
lustre of the mercerized fibre ; but this sequence of opera¬ 
tions offers no advantage, and the maximum lustre is always 
obtained when the material is subjected to as little treat¬ 
ment as possible after mercerization. Treatment with 
bleaching powder after mercerizing is also liable to rot 
the fibre by oxidation. 

The Dyeing of Mercerized Cotton.—It lias already been 
mentioned that mercerized cotton has a much greater 
affinity for many mordants and dyes than has the untreated 
fibre. The effect is greatest in the case of cotton mercerized 
without tension, and diminishes somewhat as the tension 
is increased, being least marked in fully lustred cotton. 
The difference in the chemical properties of mercerized and 
unmercerized cotton is the main cause of their different 
behaviour in dyeing, hut structural or physical change has 
also a considerable effect. 

Irregular mercerization is a frequent cause of irregular 
dyeing, and special precautions must be taken when the 
cotton is subsequently to bo dyed in pale shades. Some 
further information regarding the dyeing properties of 
mercerized cotton will be focind in the next chapter, p. 87. 
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Crimp effects on Cotton are olitaiiieil by iiierei'i-i/iiif; coltoii. 
clotli ill siripes or otlior paltoniH by a priiiliiif' process, llie 
natural shriiibaf^e of llie iiiereeri/.eil portion proibiciiif^ llie 
crimp. If ])rinl(iil and ni(‘reerized uialer tension, lustro 
patterns may be obtained on cotton elotb. 

Crepon effects on Union Cloth. Wool libro is practically 
unaffected by caustic soda of niereerizins strength, and i'f 
suitably woven with cotton and the fabric mercerized, llie 
sbrinliagc of the cotfon llirows n[) tbii wool into loops or 
knots. Silk-e.olton uiiioiis may be similarlv (icaled, but 
mpiirc great care in mampul.ilion. To ensure that the wool 
or silk is not injured it is usual to artilieially cool tho caustic 
solution before and during use. 

The Schreiner Finish. - - This process of increasing tbo 
lustre of cotton is so closely connected with mercerizing 
bistro from tho practical standpoint that mention sboiild 
i.e made of it here. It consists in subjecting cotton cloth to 
the action of an engraved steel roller under great lu'cssurc. 
The engraving consists of very line serrations, numbering 
■100 to 700 per inch, and these jn-oduce optically relleeling 
surfaces upon the threads which very greatly enhaiiee tfie 
luM.re of the material. Cotton histred by me.reerizatioii 
and subseipiently treated with tho tichreiuer ealeiidcr rivals 
silk ill appearance. 

The Production of Mercerized Cotton is one of the mtist 
important recent developmenti m the textile trade, having 
practically enriched it with a new lihre almost as lustrous 
as silk, and much less costly. One of the main defects of 
mercerized cotton is that its lack of elasticity renders fabrics 
made from it very liable to crease. 

Test for Mercerized Cottons —A solution- of iodine m 

T. i’ 
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wdiiriili'il |M)I I'.siiMii ukIkIc >(ilii(in:i colrmr^ lioth (Mrlinirv 
iin<l iiii'rci'r'i/.('(l rollon a (Ire]) lirouii. On wasliinji with 
wali'i', III!' noloiir of iiicrccrizdd rollon cliaiif'i's to a. blue blank, 
wliinli fados vnrv slowly on loiin waslihif;, wliornas ordinary 
col Ion rapidly liccoincs white on wasliinf,'. 

AiiTiFK.'iAn Silk. 

Tlifi silk librn, consisting of tlio .solidilied lim'd of tlio 
silk t'lands of tlio worm, is devoid of cidlnlar strnclnre. 
^Vo(d and collon, on the other hand, are hiohly organized 
tilnes from the strnetnral standpoint, heiii" composed of a 
vast nnmher of iiidividiial cells hnilt up in a delinito and 
orderly manner, it is thus impossible to conceive of the 
mechanica'i production of a fibre resembliiif' wool or cotton 
in character ; hiit in its broadest outline the problem of the 
production of a fibre similar to silk is not a dillicult one. 

Tbe problem involves two main features—first, tlio 
priulnctiiin of a viscous liijuid analogous to that naturally 
existing in tiu' silkworm glands, and, secondly, the mechanical 
conversion of (his into line libres. 

■ The second part of the problem offers no insuperable 
difficulties; in fact artificial silk libres are now produced 
which are much liner than those of natural silk (Thiele 
silkb 

The composition of the vi.scoiis liipiid may be chemically 
similar to natuial silk or may be of an entirely diff'erent 
character. The first artificial filament which resembled 
silk in appi'arance was spun glass, from which fahrics of 
brilliant, lustre and considerable softness may be produced. 
Tbese are, however, of little value, since the fabric rapidly 
disintegrates on account of tjie brittle nature of the fibre. 
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Vanduara Silk is olitainrd l)v using golatino as a basis,- 
tbe tiu'c'ads, aftiT s|)iimiiig, being treated with tnrmaldehyde 
Id rciidci* them insoUilile in water. It is a beantifnlly 
Inslrmis libro, and fairly strung and elastic in the dry 
condition, but if wetted it becomes extremely tender. It is 
now little, if at all, used. 

(lelatine may also be rendered insolnblo by Ibo combined 
aelion of ebromie acid and light, and this lias formed (be 
basis of an artificial silk jnocess; but no practical success 
lias been aebirved on tliese lines. 

Cellulose Silk. .Ml llie ..imenially prodileed ailifieial 

silks are obtained by using sonii' form of cellulose as a basis, 
and in tins connect ion iiiav be meiilioned tlie ninies of l)e 

9 

VliKrildiiiicI, Piiiitii, l.cliiii’r, Vii'icr. Tliii'lr. fVo.vs', Ikitiii. Stnirii 
and lirdiiiifii silks, Tliese are known under siieli naiiies a.s 
" ('iilliiiliim xllL^," " (lliiii'.xidjj," " Liixlrd-t'clhiloii','' and (loiir- 
taiilds’ or “ I’l.vimc silk.’’ 

L'ellidose, the chemical b.isis ol eotloii, linen, wood, and 
the sh'iictnral |ioition of i-egetable growth generally, is 
clieiiiically a very inert snbslanee, and only a few ways of 
di.ssolving it are known. 

fl) When converted into nilro-cellulo.se by treat iiieiit. with 
nitric acid, cellulose becomes soluble in alcoliol-etlier. The 
vaiions '' collodion silks are thus |irodiiced. 

("2) t’ellnlose is soluble, in a concentrated solution of zinc 
chloride, or 

(.’i) In an amnioiiiaeal solution of hvdr.ited oxide of copper. 

(1) If cotton is merceiized with eaiislic .soda and treated 
with carbon disulphide while still saliirated with the alkali, 
it forms a new chemical comp nind (cellulose tliiocarbonate) 
which i.s soluble in watci , (4ic .solution Ixiing known as 

r 2 


viscose. 
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(5) Acetates of cellulose may be produced which are soluble 
in various solvents. 

Each of thcs(! live methods of dissolvinj' cellulose'forms the 
basis of a commercial process of manufacturing artificial silk. 

(1) Collodion Silk.- This was the original artificial .silk, 
and was first I'atcnted by de (fiiardonnct in 188(1, after .sur¬ 
mounting many didieulties, due chiefly to the inflammability 
and lack of strength of the fibre. The chief names connected 
with this product are those of l)e (lhardonnct, Lehner, and 
Vivier. 

(2) lironncrl Silk is made from a zinc chloride solution 
of cellulose, but this process has not made such rapid develop¬ 
ment as 

(I!) The Cujiraiiimonium ‘process, which yields the l‘aohj, 
Linkmaijcr, and Thiele silks, which latter is, as regards aj'pear- 
ance and handle, almost indi.sting\iishable from natural silk. 

(4) The E/.sch.s'c Sdk of (Iross, Hevan and Steam is now of 
chief importance. Its production has been mainly developed 
by Me.ssrs. Oourtauhls', who manufacture it on a verv large 
■scale. The total world's production of artificial silk is now 
well over lO.OOO tons per annum, of which probably 8.") per 
cent, is Visco.se silk. 

(5) Accidie Silk has recently (l!)2ll) been placed on the 
market by the llritish C’ellulo.se do.. Ltd. 

Properties ol Artificial Silk. The characteristic properties 
of natural .silk which render it so much esteemed as a textile 
material arc its beautiful lustre, softness, elasticity, strength, 
and covering power, and the oa.se with which it can be dyed. 
With regard to lu.stre the artificial silks e.xcced the natural 
fibre, some having almost an undesirable metallic lustre. In 
softness and general handle ci-rtain varieties of artificial silk 
are somewhat deficient, but this defect has been overcome bv 
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buildin}! up tlic tliivnd fi'oni ;i lai'j;(‘ miiidii'i' of tiiu' lilaiiu'iits, sn 
tluit a tliread of 10 i[i‘nit'r miiv coiilaiii 10 to of such 
filaincutsf Such artificial silks arc c(|ual lo iictural silk in 
softness and coveiino power. All artificial silks need special 
care in winding and in the loom. 

In cliifilicili/ (IikI xlmii/lli artificial .silks are s<miewhat defi¬ 
cient even when dry, and wlmn wetted the defect is greatly 
accentuated. This renders careful treatment m dyeing very 
necessarv. 

Dyeing Properties. The various artifieud silks differ eon- 
siderahlv in dyeing projierties. Collodion iilks dye for the 
most jiart similarly to natural silk, while I'aiilv, lankmayer. 
and Thiele, silks and Viscose silk ladiave much more like 
cotton (sec Chajiter IV'.). 

Fabrics entirely eom|iosed of artificial silk liavi* onlv 
recently been successfully piodiieed. fiut it has for some time 
been largely used as weft y.irii. and still more largely in the 
production of pliishe.s and Irniiniing.s. 
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THE DYEINU OF TEXTILE MATEEHLS 

Dyeing processes viiry in cliaracter accoiTliiif! to tlie 
textile material operated upon and the iiatnre and proper¬ 
ties of the colour desired. Tims, c.//., the production of 
scarlet shades on wool and on cotton reipiires entirely 
dilhirenl proces.ses, and the inelhod used in producing a 
hhie on wool with indigo is ipiile distinct in character Irom 
that required for dyeiiij]; lofj;\\ood hlacl;. 

JIany (hut hy no ni(‘ans all) of the processes used in cotton 
dyeiiif; are carried out without heat. Silk is usually dyed 
in lukewarm baths, while wool dyeing processes are usually 
conducted in hoilinf; haths. Silk is almost iiiYariahly dyed 
in the hank or warj); cotton usually in the forjii of liimk. e ip 
(or bobbins), warp, or cloth ; while wool is dyed at .-dl staffes 
of manufacture, viz., as loose wool, .sliver, hank, w;lrp 
(occasionally), and in piece. 

The various dyciii'; materials arc a|)plied to the fibre in 
aqueous solution, from which they are withdrawn cither 
partially or conqiletidy liy sinqilc absorption or by .some 
chemical action of the fibre. So-called “ dry dyeing ” is a 
sjiecial jiroeess used by garment dyers in which benzine or 
other similar organic solvent is em|)loyed instead of water. 
The object of the process is to avoid the remoial ol the 
stiffening materials present in the fabrics. 
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The numher of (lisliiict dves now on the iieiilo't is vei v. 
large (uiiwiirdsof 1,0001, and with a few iiolahle eveeptioiis 
they are Ml elieinically derived from coal tar iirodiiets. Of 
the natural d\es still comniereially used, iniligo and logwiaal 
are much the most inijiortant; hut a few others, such as 
cocliineal, fustic, and orchil, lind a more limited a|i|'lieatiiiM. 

In addition to the dyestiilT itself, various chemical hoilies 
are required in dyeing operations, some heitig essential 
constituents of the ultimate, dytal c(dotir (mordants), and 
others merely aiding the solution or lixalion of Ilit! dui 
(assistants). Tn this short stimmary of dyeing operations 
no exhaustive treatment either of dyeslnil's, mordants, or 
assistants is possible; hut many exam|iles of each will he 
incidentally nnmtiomal. 

Mordants. -This term is aiipliod to snhstances which 
si'fve a douhle intrpose, viz., they nnite hoth with the lihre 
and with the colonring matter, and thus lix the latter on 
the lihre, and at the same time the iimv chemical comiioninl 
formed hy mordant and dyestuff has frequently an entirely 
different colour to that of the dyestuff itself, heing in lact 
the real dye. The mordant is tisnidly iqiplied in a separiite 
pttcess heforo dyeing; hut with an increasing niimher of 
dyes the mordanting comes last, and in somt! cases the 
mordant and dye are used together. The chemical nature 
of the mordant must duj)end uiion that of the d\esttiff. 
In wool dyeing certain metallic salts are largely used 
(hichromate of potash, alum, sulphates of copper and iron), 
whereas in cotton dyeing tannin matters are largely nseil as 
mordants for the basic dyes. In d\eing silli, dyesinlfs 
which do not reipiire mordants are chiedy emplovial. 

Assistants.— A large variety* of acids, alkalis, and .salt-. 
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an^ used far variaiis |mr|)(isos in ilvciii". The acids cliicfly 
cin|)l()yc<l arc Milpliiirii; (vitriol), ai’i'ljc, and fortnic, all of 
wliicli arc used with acid dyis. (.’ailmnatc ol v%da (soda 
a^ll), caustic soda, and atrinionia ari' tlic chief alkalis used, 
ahdst, .sodiiiM] chloriih; (coninion salt), sodium sulphate 
(tilaiilicr'.s salt), and nianv other sails arc cmplo\cd in various 
cases as addilioiis to the dvc-hath. The rd/c of assistants 
is Very varied and eaiinol lie shortiv .siiiiiniaii/ed. 

Dyestuffs. In mcu ol the enoimoiis niimher of dyestulTs 
it is inipossilile to deal with them without ailoplilif' soiim 
melliod of elassiliealion. Various methods ol elassilie.illoll 
may he adopted, Iml that based on melliod of application is 
the most eonvemeiil for ihe preseiil piirpo.e, and this dis- 
tiiioiiishes the follow mo ovoups • (I) Mimldiil ihji^ : (2) Arnl- 

niiinldiil iliji'x : (l!) . h «/ diji-x ; (I) /hiei t ih/cx ; (o) lldsic ili/i'x ; 
(li) 7t//e.v opp/o'f/ hifxin'intl ittdri's'd's, 

(I) Mdiiliiiil ifi/es'. ■ .Manv d\es of this oroiip are “fast 
dyes,'’ and are eviremely lesistaiil to the aelion of the lieht 
and lo such processes as wasliiiio and milhiiy (fiillim;). 
They mnsi, he used in eonpiiielion wilh some nietallie mor- 
daiil. sneh as hiehromate of potash or alum, and can he 
applied to all lihres, thoiiyh Ihev are chiefly Used m wool 
d\ein,o. 

liiiiiiijih-.- Itoil Ihe wool for one to two hours in a solution 
of .! per cent, hiehromale of potash (calculated on the weijilit 
of Ihe wool); w.ish and hoil in a separate hath with th<‘ 
(IvestiilT. 

J)yes of this oroiip are not. as a rule, eapahle of jirodueiiio 
brilliant colours, heini; chielly used loi blacks, navies, lirowns, 
olives, etc. The eroiiji includes the alizarin, anthracene, 
ehronie and diamond dyes, 'logwood, madder, and many 
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other.';. Cochineal alxi heloiiijs to tin- fironp . in eonjnnelion 
with tin inonlant it iirodiiec' a lirillianl M'.irlet colour. 

(2) Acid’iiwrdaut iIi/i'h. — These ilvestiitTs have very 
similar properties to the last crimp, hut are applieahle onl\ 
U) wool. They are of iiieieasiiic iinport.inee anil iiielinle 
the aeid-alizarin and aeid-aiithraeeiie dies, the cloth reds, 
etc. They are ajiplied in an acid h.ith and snhseipieiitly 
treated with a metallic mordant. 

(H) Aciil ilj/ix are larcely used holh in wool and silk 
dM'iiic, hut are not aitplieahle to cotton. They are not 
used in coniunetion with mordants, hiil are dyed direct 
with the addition of 2 to 1 per cent, (siilphiiri • or ferniielaeid 
to the dve-hath. They vary considerahK in rei'anl to 

. . . ^ n 

fastness to liclit, some heinc very fast and others eoiii- 
paratiwdy fiicilive: hnl as a class they are not so fast as 

groiljis tl) and (2). They are also .re readily airected hy 

washing and milling tfiilling). 

This group is a very iiiimeriuis one and comprises a 
complete range of shades fiom the hrightesl iiriinary 
colours to hlack. 

(t) The Direct ih/es. •Meiiihers of tlii.s group have the 
speetal property of dyeing cotton without the aid of any 
iii'irdant. .Many of them are also used on wool, on which 
lihre they produce shades which arc hist to inilhng. They 
are also used on silk. I’he, method of .ipplieilion to anV 
fihre is very .simple, the only addition reipiired heing salt or 
Ulaiiher's salt, with or without, a little soda ash. Ity certain 
methods of after-treatment (" saddening " and '' develojiing ") 
some of the.se dyes are rendered iimeh faster than when dyed 
in the direct manner. J’raetii'ally the same complete range 
of shades is obtainable with thcMireet dyes as with the acid 
colours. 
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(;")) 'riif Himic C'o/'/io’.s.—Tills group is iiiini«no:illy 
siiiilIIci', 1111(1 ill riiiigd of colour loss extensive, than tlie 
groups of iiiordaiil. iieul or liircct lives. It iiicliidi'S, liow- 
cver, the most liiilliaiit dves Idiowii, rliodaiiiiiie pink, aura- 
iiiille yellow, iiialacliite green, iiietliylelie blue, magentu, 
and iiietlivl violet being well-known examples. Tlie basic 
dyes (witb few exceptions) are not used on wool, since they 
are a)il to rub (siiiear). On silk they are dyed direct, with 
the additiiin of a little soap, but cOtlon reipiires to bn pre¬ 
viously inordaiited with tantiic acid or some form of tannin 
matter. The most serious defect of this group of dyes, as 
a class, is that tbey are fugitive to ligbl. 

(fi) /ii/'‘.s liif ttpi'ruil jn itri'tnit'A. —Indigo.—d'his is 

the most iniiiorlant of all dyestiilTs, still retaitiing its |ire- 
eniineiice in spite of the large nutiiber of competitors atul 
substitutes wliicli have been intro luced. It is used very 
laigelv belli on . eel and ell cetlen m.itell.d.'. but less eeiil- 
menlv eii silk, heiiig ([iiile in.seliible in water, a special 
method of ap|ilicatioii is necessary, and this is the same in 
principle whether used for wool or cotton. The proce.ss is 
liased iipeii the f.iet that when indigo is acted upon bv what 
are ehemie.div known as rediicmg agents, the blue iii- 
sehible subslanee is converted mie a celouiless body whiidi 
is .soluble In alkalis. The iicces,sary iiigrediciils m an 
indigo vat are thus the mdige, seme alk.di (lime or soda), 
and seme reducing agent; and the varieus kinds o| vats in 
use dilTcr cbielly in the nature of the latter. In the 
“woad vat," which is largely used in the dyeing of wool 
materials, the reduction is due to a specific bacterium w hich 
is iiitrediiciMl bv tin' wead : certain ether .subst iiict's. such as 
brail, madder, mehisscs, elc.h being also iieces.sary to supply 



TIIK DYKING IH' TKNTII.K M.VTKllIAI.S 


foodstull' for llu! bucloriii. 'I'liis \iit i' ii^oil u.inii, niul 
wIiL'ii onco “scf" iii;i\ ri'iioiin in Mm' for m'VoimI inoolli-;, 
buint,' s_\ iv|ili'iH>bi'il wiili iiiiiioo, cti'. Tbu 

“ livilio.oil|ilMti‘ \i!l iiiibiio. Iiiiii' (oi .mil 

llV(lnwiil|iliiti‘ III loilii. mill iii.iy bo iim'iI w.iiiii (lor wool) or 
cold (for coUoiD. Till! “■ (‘0|i]ii'iiiii v.it " is iii.idc up willi 
iiidioo. liiiic, mid co|ip('riis (In imis siilpli.iin mid is used for 
cotton. 

The process of d\rino in llic indipo viil consists in 
satiiriitinp tlii' iiiiitcriul willi the \iil liipior mid, iifler 
Hiiueeziii” out tile excess, evpiisiiu; I lie iiiiileiiul to the uir, 
when the colourless reduced iiidini becomes lupidly 
re-oxiilixcd on the (ibre into Ibe orioiuul blue iiidieo. 

Syntlielic or “iirtilicial” iiidipo, beiiio cbeiiiicillly iden¬ 
tical \(itli niitiiriil iiidieo, is applied in the same m.■lllner. 
There me now smeial distinct but clo-el\ as'ocialed 
iMitbetical dvestulTs in addition to the tine “mtilieial 
ii.'liL'o. ’ Tliev are .ill iKed in niid.ii m.imiei Inn \ii-ld a 
vmietviil blue, jiiiipic. led mid blow II sli.ides. 

In dyeino darb nidij;o blues oiiMool mateiiiils it is usual 
to “ bottom " the wool with soiiii- oilier (cheaper) coloiii iiir,* 
mivtU'r before d,\eiiio in the v.it. |■'rl ipinillv also the 
iiidieo is “ filled U|i " or '■ top]ied " after vatinio, either with 
the same obiect or in order to impart a ‘‘bloom " to the 
colour. Hea\\ shades of pure \at blue are laiely mi;t 
with. 

Widl-dyed iiidimi vat blue produces evtreim l) last shades 
on wool. It retains its fine bloom and brilliancy almost 
indelinitely, mid w.i'-hiiio dues not ari’ect it in the least. It 
also witlistaiids sea mr. but of course, if bottomed ” or 
‘•tupped," the a'sueiat.d JycstjUffs may be ullected. Thu 
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0110 defect of vat blue in tlmt tlie colour “ rubs off.” This 
cannot be entirely prevented, but the more sliilfully the 
dyoiii'* process is carried out the loss noticifiible is the 
defect. Jndi^o blue is less fust to li”ht on cotton than on 
wool. 

The Vat dyes. This term is applied to an important 
' ftroup of modern dyes whieli, like indioo, are applied in the 
ri'diieed condition by the vat method. There are two siib- 
ftroiips, the “ mdiooid ” and the '■ aiilhriKU'iie ” vat dees, 
the former beiiin eheniiiMlIy closely rel.ited to indigo and the 
latter to the ali/arm dyes. .Mthoiioh .some of them may be 
applied to wool, tlmy are of the most yaliie as cotton dyes, as 
liy their u.se it is po.ssible to produce a wiile r.inee ol |iraelieallv 
” fadeless ” eohairs. 

The Sulphide dyes are of oreat importance for the ])ro- 
ductiini of “fast colour." on cotton. The nrcaip includes 
many blacks, blues, dark oreens. browns, and yellow.s, but at 
prcsellta good red of this .series has not beiai put on the market. 
Thev arc most c.oiiycnicntly dyed on warp.s, but are also used 
on ])icc.e.s and hanks. The o,.neral method of application is 
io dissolyc, the dyes (which are insoluble in water) in a .solution 
of sodium siilphiilc, some sodium carbonate and Olaii'oer’s 
salt being also Ireipieiilly used in the dye-bath. The baths 
arc, used warm and dyeing must take place below the .surface 
of the lii|Uor. 

A very serious defect of the sulpliide dyes is that cotton 
dyed with them is liabh' to become tender (rotten) on 
storitig. Thi.s is due to the slow de.yelopment of sulpliiiric 
acid by oxidation of the sulphur associated with the 
dyestuff. The did'ect is most liable to occur in stoved un.on 
goods. The ten lering iiia}' be prevented by any treatment 
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wliifli leaves the gooils in u [n‘rmniiently alkulino conililioii. 

The sulpliide dyes are fast to “ cross-dyeino ” and to 
alkalies and milling. 

Aniline black is another dye whieh reiinires a s|ie(iiil 
method of application, lieing of such an iiisolnhle and 
chemically resistant nature that the oidy praclicalde inethoil 
of using it is to actually produce it on the (ihre hy snilahle 
chemical reactions. It is the mo.st hrilliant, dinise, and 
permanent hlack which can he jirodnccil on cotton, ami is 
dyed, cliictly on cotton earn and pieces, in large amount. It is 
little u.scd on wool or silk, .\inlme lilack is ohtained hy the 
oxidation of aniline, a basic snhstance ((',;!I-,’Mlj) |.induced 
from the coal tar liydiocarhon licnzeiie (CV.Ilii). laith is 
pre|)ared containing aniline oil, hydrocliloric (or oilier) 
acid, and some snitalile oxidizing agent. The cotton is 
saturated with this li(|nor and then “aged” (hung in a 
w.irm, moislatinosphere) or otherwise snhjcctcd to oxidizing 
coiiilitions. 

As in the case of indigo, aniline lilaek isaptto “ rnh olT ” 
if hadly dyed, .\nolher defect which can he molded hy 
skilful dyeing (hut only in this niannerl is leiidering of tin* 
iihret This may he due either to nndne acidity of the hath 
or to oxidation of the tihre. 

Aniline hlack is a very “fast'' colour. It withstands 
“cross-dyeing ” jierfectly and is ahso last to light, washing, 
milling, etc. If dyed in a special manner it is unallected 
hy the very severe processes involved in cotton hleaching 
(“ hleaching black ”). It is most readily attacked hy 
reducing agents, such as suliihnrous acid, which turn it 
green, and long exposure to the atmosphere of a room 
where gas is burnt may thus ciwise “ greening.” 
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The Ingrain dyes.- Tin' Icriii “ingrain” as applied to 
dyes is a very old one. It is now used to designate a 
eeiTain sendes of cotton dyi's cliielly reds-—which are 
|)rodneed on the tilire. 

Para (or paranitranilinc) red is piodnced on 3’arn, warps 
or |ii(!ces, hy first ini|M’egn,iling the cotton with a colourless 
solution of /■) im]ihtlinl. drving and “ develo[mig ” by 
pa.ssing through a soluhon of ))aranitranihuo treated with 
nitrous acid. The red is proiliiced instant a neon,sly. It is 
a Very brilliant, and fairlv fast eoloiir .nid is largely used a.s a 
siihsl il iile lor Tim Lev led. 

Primulilie red is .1. somewhat •■iniil.ir dve. but is produced 
in the revi'i'se wav. The eollon in this ea.se, is dyed with 

I 

|iriiiuiline (.1 direel yellow dve). then treated with nitrous 
acid, and the \ellow colour ‘'developed ’ inlo a red by 
trealnient with ji ua|ihlhol. 

There are. al.so hlaek. blue, puiple. blown, and yellow 
dyes belonging to this .series, but they are not nnieh used. 

Turkey red has soinewhat of the same |ire-eininenee as a 
red on cotton that indigo vat blue has on wool. Its pro¬ 
duction is a special branch of dy(;ing. carried on in sjiecial 
works in a few districts tManchester and (ilasgow).' It 
really belongs to the class of mordant dyes, but is [iroduced 
in such a special nianiicr Ihal it may more liltiiigly bo 
mentioned in the section of “special dyes." The cotton, 
in yarn or piece goods lorm, is ii.rst Ireati'd with olive or 
castor oil, then mordanted with alumina, and linally dved 
with ali/arin. Many subsidiary processes are necessary 
in order to thoroughlx lix the colour and develop its full 
brilhancx. Well dyed Turkey red is a blight scarlet 
colour and is very fast to idl intiucnces. 
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• WaTI:!! fSKI> IN rivi IN(1. 

In no iiuliif'lrv i.s ii iilciUifiil Mippli of |inrii Mifl Wiilcr of 
more importance timn in ilyeino, the use of niisinlalile 
Aiater resulting not only in con.sideriilile uasle of inaleiial, 
l)iit also in liad work. I’<'rfectly pure waler i.s, liowcvei', 
never availalile in snilicient <pianiuy, since ii is not 
found in mil oral sources, and llius I lie difference in llio 
(pialily of various water siqiplies is l.ircidy one of decree. 
The chief imiuirities naliirally ]ireseiil in water aii’ the 
carlionates, sulphates, and chloridos of lime and iiiacnesiiini, 
which impart to the water the ))roperl \ of foriiiiiic a ein'dy 
scum with soap, usually lernied " haidiiess." “sofi” 
water is most suitahle for dyenic, hut " pennaiic iit h.inl- 
ness,” which is due to siiliihates and idiloriilcs, is iniich 
less harmful in dyeiiic than the “temporary hardness’' 
cailnd hy carlionates. In wool scoiiriiic or an\ other 
process in which soap is used, hoth Kinds of hardness are 
eipially injurious, and the linie-soii]i curd which is produced 
adheres to the iihrc and causes ihuch siihse(juenl troiihle 
and damace in dyeiiif; and rmishinc o[ieralions. The 
wastefulness of hard water is well illustrated hy the lact 
that 1,01)0 callous of water of onl\ 10 hardness will 
destroy and render not only useless, hut danceioiis, l.T to 
20 Ihs. of ordinary soap. 

Iron i.s a not infreipient impurity in watia- siipplic', 
particularly such as are obtained from coal measures, and 
water eontaininc iron is totally unlit for use in a die-house, 
since iron has a dulling and dari\eninc etiect on many dyes^ 

Water of less than 5 of hardness ma\ he considered as 
of good quality for dyeing, pa*ticularly if the hardness 
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is iiiaiiily “ |ii iiii:iiiciit.'’ If Itio only iiviiiliihio supply 
(■x(;G(iils H ’or 10 'in tiiinlinss it sliould Iw " soflciicd ” liy 
(dioiiiiciil Irciilniftiit licforo use. Tlii.s ciiii iisimlly Iju done 
lit ii cost not exceedin” Id. to t'x/. iier 1,000 "alloiiK. 

'I'lio or^'iinic ini)iiirili(‘s in wider liiive nsuiilli little niTect 
on dve.int' processes, unless llin wiiter is cont.iniinaled with 
the, refiiso from other works. 

Ileference may also he made to the desirahilily of usine 
soft water for sleam-raisine in older to previ nt the [irodiic- 
tion of “ hoiler scale.” 


iNiKiim'i'i'.NimM'n nr Pi;oci!s-.i;s. 

In order to |a'oihice (he pos^ilde resell it is not imly 
necessary that tie' raw malorial of which a lextile fahric is 
cien|)osed should he of ;;oi>d i|ealily. hel that all llievariieis 
operations invcdved in its manefaclure should he canied 
(Mit with proper skill and care and with a dee roeard (o 
each other. Thus the carder or comher, the spinner, the 
manufacturer, the d\er,-iind the linisher slimild each wm'k 
'with a siilhcient knowledge of the hearing of his ]iarlicular 
o|ieralion on the other processes of manefactere. • 

The hieh decree of speciali/.alion in the lextile trade in 
some districts renders co-operation tietween the vaiious 
hranches specially necessary and at the same time sjiecially 
dilticult. This freipiently causes ere.d trimhle to the dyer 
who may he merely instructed to iiiatch a "iveii sliade 
without liein}^ eiveii information as to the processes which 
the material will afterwards undergo. This lack of 
information makes it impossihle for him to select the most 
suitahle method of dyeiin; to lit the conditions, and aii 
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olciiirnt (if ii'k n intKMliiccd wliicli n iiiliicl\ iiiiiici.'i''", 
uiul Svlimilif lie cliliillMtcil. 

r.ssrs I’i;i i nils m:y to Dmmsii. 

Ill order tlial lirjelii. (dear, and fast eiil(iiirs may 
jinidileed in dyeilie it is iieee.'^aiy llial the leslile iiialer 
whatever its idiaracter, should lii‘ ihoi’oiiehly eleamed h 
nil greme, dirl, and other iinpiiril ies hefore I he (l\e 
process is carried out. The tiealiiieiit re(pnsiie for 1 
varies. In the case of wool the cleansing process is Kia 
as ''scouring," while the “hleaidnng" opeialion ha 
verv similar ohject in the case of coffon, and silk 
" hoiled-olf." * 

Wool Scouring.—Ifaw wool is naturally covered wit 
preservati\e greasy matter, terimsl "\olh," to winidi i 
adheres a coiisiderahle ipiantity of .sand. dirt, and ol 
foreign matter; the amount of pure wool var\niglrom 
to HO per cent, of the weight of raw wo(d. The “ .sconi in 
or ‘'washing” of raw wool has'the ohject of remov 
these impurities, and tliii |)roc(‘ss is earriisl out hy treat 
the*wo()l with warm (not hot) solutions of soap with 
addition of ainnionia or carhonate of soda. This emiilsi 
the yolk, the sand, idc., heing then readily wa-hed aw 
Scoured wool is usually oiled la fore carding or comic 
and tliis oil, together with diit, i tc., confraided during 
various stages of mainilacture, must he rcinoied hy a sec 
scouring ojierafioli hefore yarn or jaece dyeing. 

KHicieiit .scouring has a great influence on the dy 
work and on the tinal apjiearaiice and (piality of the pie 
If wool is not jiioperly scoured .the colour is ajit to he i 
r. 0 
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iind t,o “ nil) off,” or iiiiiv I)r iiiicvcm or >lio\\ cl,ul< or liolit 
.s|)ot,;, ffiirs or M'lvcdocs. On (lie other liand. if tlie .scowiimo 
i.s too .severe, the fibre Inis ii diminished histri', « vellowi.h 
eoloiir, and a liarsli feel. 

“Boiling-off” Silk.—This ojioralion consists in treatiiif' 
the raw silk in (at least) two successive soa]) baths; tlic 
first one being used at a niedniin teinjierature, and the 
second boiling. It has the object of develojang the lu.stre 
and soft fool of the silk by renioviiig the “ silk gnin ” with 
wbieli Ibo fibre is naturally ciienisted. Silk may, however, 
be dyed “ in the gum ” or only partially boiled-off. 

Cotton Bleaching.—The iimoiint of inipnrity naliirally 
present in raw cotton is small, but the raw fibre is not in a 
suitable slate to be d\ed, as Ibe “ eoLlon wax” jiresenl 
renders the fibre very non-absorbent. “ Jlleaehing for 
wbite ” is carried mil by treating the raw cotton successively 
with boiling lime-water, boiling caustic soda, anil cold 
dilute bleaching powder solution, with intermediate treal- 
nienls with cold dilute acid and many washings, (loods 
which are to be died need not be treated with bleaching 
powder, excepting in the case of pale and delicate shades, 
hut the earlier operations are always necessary. ; 

Wool Dvkinc. I’uockssks. 

When a fabric entirely composed of wool is dvisl in 
the piece it is obvious Ibal a plain colour only can be 
obtained. If the design of the cloth includes ditTerently 
coloured threads, the wool must be dyed before weaving, 
c.ij., as yarn; while certain effects (mixtures, etc.1 can only 
be obtained by s))inning together differently colouredyih/cii 
into the same yarn. 
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This lasl-ineiilinned case necessitates the dyeinp; of ti 
wool in till! form of sliver or of loose wool. 

The forhi in which the wool is dyed ^wlu'thel• as loo 
wool, sliver, yarn, or cloth) greatly inthiences the choi' 
of dyes to be used. Some dyes produce good, fii 
shades, hut tend to dye unevenly ; and such may he iiS' 
for loose wool where any irregularity disappears in cardir: 
spinning, etc., hut are inadmissihle in jiiece dyeing whe 
ahsoluh! evenness of sh.'idi' is essential. On the oth 
hand, the cloth is not scoure<l after pi(ice dyiu'ng, an 
therefore, dyes may he us(‘d which would he injured hy t 
scouring process. Loose wool, however, must he dyed wi 
dves which will withstand scouring. 

Dyeing of Loose Wool. — Loose wool may he dyed in sipia 
wood or stone vats heated hy steam pipes, or in cireiil 
iron vats heated externally hy lire. The wool inust 
stirred occasionally with ])oles to equalize the action of t' 
dye liquor, hut since this tends to hdt it, discretion 
ncces.sarv. Loose wool is now us\iiillv dved hv packing 
into jierforatcd receptacles winch arc cither moved ahoiit 
the hot liquor or through which the Ihpior is circulated 
nieftns of a pump. These newer mechanical processes a 
now largely used, as they leave the lihro in a free and opi 
condition. 

Sluhbing (Sliver).—.\fter carding or coinhing, the th 
film of wool lihre is “ condensed into a rihhon of slivi 
and may he dyed in this condition either in the form 
hanks or wound into halls (tops). At this stage of ya 
production the lihres have little coherence, and the ban 
or tops require careful treatment. 'I'ops are dyed in i 
apparatus in which mechanical circulation of the liquor 
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providf'd for, but luinks of slubijiiif; iiia,\ Im; Irciitcd in tlio 
same way iis yarn. 

Yarn Dyeing.—Yarn may l)e dyed liy liiiml or by muLdiiiic. 
Ill th(! bund metbod tlio lianlis are liiiiif' on slieKs wbicli 
rest across oblong viils conlaiiiiiig llic dyi' lii|iior. Tlie 
biinlis are syslciinilically moved alioiit in the li(|nor and 
jmlbsl over tlie sticKs. l»\eing imudiines are also largelv 
omployed, llie banks Ixiing meelmnieally mo\ed alionl in 
tbe li((uor, or the liipior uieclianieally circulated tlnougb 
tlie hanks. 

Piece Dyeing. In tliis case revolving rollers cause tlm 
pieces to travel tbrongli or move about in the dye liipiors. 
The piece.ji run either at full breadth (dyeing in open 
width) or gathered togetluir as a thick strand (dyeing in 
rope form), according to the nature of tiu! material. 

“ Woaded Colours.”—This term imiilies that the wool has 
been dyed in the indigo vat. A woadisl blue should be 
dyed with indigo alone, but in the case of woaded blacks, 
greens, and browns the indigo is necessarily comliimd with 
other dyes. The term has lost most of its signilicance since 
the introduction of the ali/.arin and othm- fast dyes. 

Blacks on Wool.- /.ik/kooi/ hlacLn are very usual. 'I he 
wool is mordanted with bichromate of potash and <l_\ed 
with logwood in a separate hath, a small amount of yellow 
dye hoing used to neutralize the blue of the logwood. 
Beautiful blacks are thus produced, but they have the 
great defect of turning greenish during long wear of the 
material. Ahuiriii hluck): are obtained by dyeing with a 
mixture of alizarin dyes or chrome mordant. They do not 
“ green " in wear. Both logwood and alizarin black.s are fast 
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iicid lilac'k, (liiiiiKiiiil liliick. tdc.') lire dvc'il with tlui iidililioii 
of acid and arc afterwards clironicd. 'I’hcy are fast to all 
iiilliicnccs'. .I'll/ ///(!(/,s', siieli as na|ditliylaiiiinc and 
Victoria Idack, arc dyed willi tlic addition of sulphuric acid. 
They arc fairly fast to licht, hut arc not suitahle for coods 
which are to he heavily nnlleil. 

Dark Blues, Greens, and Browrns on Wool.-- Those may ho 
ohlained h\ usine d\es of any of the various cnuips 
nieiilioned under hlacks. 

Bright Blues, Greens, Reds, Yellows, and Fancy Colours are 
cnielly d_\ed with acid d\es. 

CoTroN I'm.inu I’laici'.ssKS. 

* 

(,'otton is mainly dyed in the form of hanks of yarn and 
warps, less usually as piece coods. The dyenie ol cotton 
on spo(ds or oops is now rapidiv extendine, two t\pes of 
machines heiii” ill Use. In one t\[ic the co|ts arc placed 
on jierfoiated or gi-ooved skewers and the dye liquor foiced 
tliioiigh hy a pinii|i (skewer d\eing). In the other lypi; 
the cops arc closely packed in a lank, compressed, and 
the li(pior lorced comidelely tlirmi^h the whide mass (pack 
dvxMii''). In warpdxeiiiga inimher of waiqis pass side hy 
bide continuously throiigli a si'i'ics of vats contaiiiiiif' the 
necessary mordantino or dyeing liquors. 

Occasionally welt yarn is dyed in lengths, as in the disc 
of warps the yarn being suhseqiiently rewound on to weft 
hohhins. This cannot he recommended, as it is not unusual 
for war])s to he somewhat darker in cidour at one end than 
at the other, and when rewound this may iirodiiee a strijiy 
effect in the piece. Cotton in the form of piece goods is 
dyed in the open width or roite form, usually tlie former. 
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Tlio (lyoinR iiroportios of cotton arc qnitn (iitTorciit, from 
tfiose of wool, and tlunoforo tlio proccHses and inatcrials 
nH<i(] in tlio two cahos aro to a larf'ooxtont dilTorilit. Cotton 
liUH little allinity for metallic inordaiitH or tor dyes belong¬ 
ing to tlic mordant, acid, or basic groujis. It lias, bow- 
cvcr, a delinite allinity for tannic acid ami for colouring 
matters belonging to the class knoun as "direct dyes.” 
Cotton is dyed largely with this gron|), but the dyed colours, 
tlioiigli bright and in some cases fast to light, are not fast 
to wasbing with soap. Jlany of these direct ilycs are also 
afTceted by acids. A considerable nuinb('r (but not all) of 
the direct dyes may be rendered satisfactorily fast by an 
afler-lreatmenl with metallic salts or by " diazotizing and 
developing,” this apjilying principally to dark browns, 
blues, and blacks. 

Fast Blacks on Cotton.—There are two ways of producing 
exceedingly fast blacks on cotton, viz., by dyeing it an 
“aniline black ” or with a “sulphide black.” Jioth aro 
largely used, the latter eliielly tor the warps of pii'ces 
which are afterwards “cross-dyed” (see I'nion Ih'eing). 
Aniline black is .somewhat more costly than a black pro¬ 
duced by suljihide dyes, but is considered superior in 
body, tone, and brilliancy. 

Fast Colours on Cotton.—Dark blues, la-owns, and greens, 
and a variety of greys, bulTs, and pale fancy shades, are 
obtained by means of vat dyes (see |i. 70) and sulphide dves. but 
there is as yet no bright red belonging to these groups. The 
fastest bright red on cotton is Turkey red, which is obtained bv 
oiling the cotton, then iiiordaiiting with alum and dveuig with 
alizarin. I’ara red (paranitraniluie red) is also verv bright 
and fairly fast. It is prodeced by satuiMling the cotton 
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witli rtn allwiliiid solntinn of lu'tiX-najililliol, tlicn ilrvinf; 
niul I'assiiio into a dia/.oti/.t'il Milutioii of paraiiitrainliiu'. 
Ill lliis casi', as in aniliiui black, the dye is aeiiially fonned 
on the lihre. 

Colton is also largely dyed with iinlioo in a similar 
niiiniier to wiad, but the vat is used I'ldd amt a idiriim-al 

I 

rediii'in;; ay;eiil is used (fcirolls sillphale or sodiiiin bvdro- 
siiljiliite). 

Fast browns, drabs, etc., are largely dyed with eateehn. 

Basic Colours on Cotton Tliese dyes are lived on eollon 
by iiiordantino the libie in a sidiilion of some tamini 
matter (snniaeb or iiiy i abolaiis), then “ liviii;,'” in a solu¬ 
tion of some suitable metallie salt (lailar eiintiimir stannic 
chloride), and linally dyeiiitt. The basic eoloiirs compi ise 
a series of evireniely briobi reiK, yellows, bines, oieeiis,and 
violets, as well as inany duller coloiiiv. .\s a class they 
are fiioilive to litthl, but ibere are eveeptions to this. 

Dyeing of Mercerized Cotton, The yteiieial dyeing proper¬ 
ties of niereeri/ed cotton are simi'ar In tbo.'-'e ol ordinary 
cotton, but the allinily (d nnieeii/.ed eollon for the diieet 
dies, the sulphide dyes, iniligo, and para red is miieb 
greater, and llie sb.i b'^ obt.iiimd b\ ii'iiig .1 eeil.iiii ^Irc'imlli 
ol dye solution are iiiueli deeper and nelier. On tlie olliei 
hand, mercerized cotton dyes less ea-dv than ordinalv 
cotton with basic colours. If the eotton has not bCeii 
evelllv tnenaaized it is imjios-ible to prodiiee level slnnle.s 111 
dyeing. 

Cnion |Ivi;in<i riioeiNsns. 

Union goods eonipo.sed of eotton and wool reipiire speeial 
methods of dyeing. A commifii process is to dye the cotton 
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in llii; wiu|i, llic ( 1 ) 1(1 cotloii l(i'iii” li(('n woven willi lui- 
(lycd W((ol welt. The jiieces lire tlieii “ cro^s d)ed ” with 
iicid (Ives winch coloiii' (lie wool only. The cotton wiii']) 
nnist, of conr.'-e, he dved with colouiine niiiilers (s-iich as 
the hnl|dii(hi dves) wlii(di are iuiaireel(d hy hoihiie dilute 
acid. Another |iroeehS lai'cely made use of in low-(dims 
iiniiiiis is to lirsl. live the wool in the ]ii( ee with iicid 
lives, and (hen lo “ lill ii|i " the colloii hy nioidantino with 
tannin and dveino with a hasic colour, the whole of the 
cotton treatnient hi'ino conducted in the cold in order to 
avoid sliiinino the wool. ^Vhcn a unil'orni shade is 
iei|iiiic(| oil holli lihr-^ the iimoii iii.itcii.il imiv he dyed vvitli 
direct (Ives wliiidi colour holli Wool and cotton. 


Sink l>ViaN(! I’llOCKSSKS. 

Silli is II ii.div lived in haiiK I'onn : and idosidy asseidated 
with the dyeino is the so-calleil vveiohtino lU'oci'ss. Silk 
has the |iecnliar ])ro|ierty of ahsorhino certain nietiillic 
salts and other hodies (tannin, olucose, etc.) to an enoi nious 
exteiil without injury to its lu.stre, and hy snitahh' treat¬ 
ment it can in this iminiier he wei^ditial to such a decree 
that I Ih. of raw silk jiroduces '1 to 3 Ihs. of dyed and 
vveichled silk. This weiclitinc iirocess is very ccncial, ‘i.'i 
to -'itl per cent, of .iddcd vvciclit heinc Usual. The |ira(dice is 
greatly to he dc|ircc,itc(i vvlien earned to excess, as it injures 
the weiirnig properties of the lihre. rare silk has excellent 
lastiii!.' properties, hut ovi'i'-vveighteil silk will gradiiallvheroine 
rotti'ii merely hy stoi.ige. 

Wild Silk (Tussur Silk) is verv ditliciilt t.i dye, and a 
good hhick on tussur eau' only he jiioduccd by a few 
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(Ivors. Il (ly(W |•(^lllily with basic (l\(}s and fairly well 
with acid d\i>s 

Reeled Silk (Mulberry Silk) lias, Generally .speakin;:. .'-iiml.ir 
dvciiif; picipcrtics to wunl. Il is clnclly dycii at about t*!! t'. 
with acid or b.isic dves without niordanl, and there i,-> no 
didicnllv ill obtainiiu' a vaiiciv of brilliant colours on ihis^ 
libre. In boilnio baths wool dves deeper colour.'' lliaii silk, 
but at low lenipciatiiies the lelaliie aHinilv i.s re\eised, .iiid 
an illleriliediale teinpeial me lil.l\’ ihelelole be IIMI.llb loinid 
(varviii!; with each d\e) at, which the two libies d\c 
eipl.illl. 

Silk is rarely dyed with indieo or with mordant dies, 
exceptino in die ease ol blacks. ^ 

The dteino of black silk coiistiliili'S a H|ipcial braneb 
of the dyunio trade and needs consideiable experience. 

Tin: f)iKiN(i OF .\i;iiFi( i.\i, Siia;. 

The artificial silks, beiiio essenli.illy coiistiliited of 
C(dhilo.se. have dyeino [iiojiei lies''innlar to those of eoiton, 
but the various kinds of aililicial silk diller considerably in 
this respect. On account of the low tensile slieiieth of 
many artificial silks when wetted, oreat care is rei|iiiied in 
dyeiiif' tliese fibres. They are best dyed at a comptiratively 
low tein|teralure with basic ilves (withoitl mord.int) or with 
direct dye.s. 

(,'oi.oi ii Mmiiiino. 

In dyeint; any material to match a tfivon shade oreal 
care is reiiuired to ensure that the two will match under all 
conditions. If the “ imitclnno oil" is done hy oasliRlit the 
two may be ipiite dissimilar when viewed by daylight. This 
^ Sco ]i|i. 
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Well-Known fuel is duo to the dilTerent oiitical pi'opertie.s of 
the vm ions dyes. Two hlue dyes, for example, may appear 
identii;al in hue, hut when eaeh is mixed with the same 
amount of the same yellow dye the resulting greens may 
dilTer eonsidoi-ahly. If examined speetroseopieally the two 
hlue ilyes will he found to have dilTerent absorption spectra, 
anil this is the fundamental cause of their ilifTerent hehaviour 
in mixtures oi when vie\\(!d in dilTerent lights. The special 
optical ]iropei'lies of tliii various dyestulTs are thus of great 
importance in “matching olT ’’ or dyeing to shade. Kijually 
im[)i)rtant is the character of the light hy which the colours 
are viewed, and the light rellecled from a white cloud into 
a windojj' with a north aspect is considered the most suit- 
aide. The near la-oscnce of a red hrick wall or any other 
coloured surface is ijiiite suflicient to distnrh an accurate 
match; direct sunlight or a deep hlue .sky being al.so fatal 
in matching certain gre\s, drabs, etc. The use of a 
perfectly uniform light of the same charactei as a north 
daylight thus gri'atly simiililie-^ the accurate matching of 
colours.' The dillicullies cuusimI by the dilTerent ab.sorption 
spectra of dyes can only bo eliminated by a spectroscopical 
examinalion of each, or by using in bulk dyeing the .same 
dyestulTs as were employed in dyeing the pattern which is 
being matched. 

F.\stm:ss i’uoi'Kirrins or ])\i:s. 

That some colours are “ fast ” and others are “ fugitive” 
to light is a matter of as common knowledge as that some 
will withsland washing much belter than others. The.se 

' .Such a light is to ho louiul iii tlio " I'alitc" laiiiii ot Diifton & 
tiariliier. 
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difforrnees nrc inlioroiit to tlio iiiitiire of tlio dves niid nvo 
not (usiiallv) due to defects in tlu’ niotliods of iipplication. 
Tlius the proper selection of dyes is of the oreutest iinport- 
nnce to the, production of satisfiietory results. It is obvious, 
for example, that material which is to he, u.sed for stutT 
curtains should he dyed with dNestuffs which have j^ood 
fastness to light, fastness to washing being a secondary 
consideration; on the other hand, yarn which is to he used for 
making socks or underwear must he dy(‘d with washing-fast 
colours, the clTecl of ex|)osure, to light heiTig her(! less 
important. Again, in tiu' case of woollen goods which are 
heavily fulled (milled), if yarn dyed the e(dours must he able 
to withstand that somi'what severe operation and cotton 
warps which are made up with wool weft and then“iueee 
dyed” must he dyed with colours which will not healTected 
by boiling dilute acid. Mach ease must thus he specially 
considered from this jxiint of view as well as regaids the 
(piestion of producing the desired eidour. 

Tables have been drawn up showing the fastness 
])roperties id the xaiioiis dve^tul^s’lu reg.ird to light, milling, 
scoui'ing, eross-dveiiig, iiihhiiig, washing, stcaiiiing, hot- 
pressing, etc., hut it is impossible to usefully siimmari/e 
such lists, and on this jioinl maiuiaks of dyeing must ho 
consulted. 
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■|iii' ri:iNcii'i,i,^ <ii' si'ismm; 

1 1 'M'l'ni Miiiii'U li.it, oiil 1)1’(inli'i not to prinritv Id 
|) ic|).inii;' )iii(l coMiliiM^. lint, tlir I'liil m.iy jll^llly tln' 

IIIOIIIS. 

.Iiist. ns «('.)\iiii; ii.iliir.)ll\’ (li'vi‘Io|)i’(l Inforc .s|)iiiiiiii!'. so 

illil .spimiiijo lolliir.ilK' (|l■\(■lo|l hi'l'orc tin' |]i)iti\' iiitiTisstiiii; 
)iMii ]no)'iiioiis pioccssi-s wliicli lool.iv |)ii‘( imIc ill)) .s|)iiiiiing 
opiTnlion, i'i‘ii(li'niio tins opci'.itioii iiiiicli I'.isicr of .nniotu- 
|)li,sliiii)'iil iiikI v.isth iiioi'c pcili'iil III Its I'cMilts ill.in Wiis 

llio ciisc ill ... (lii\s. Ill (ll•.llllli'with .spiiiiiiiij: jirior 

to ili'iiliiio NMlIi III)' pi'i'piii,il))i'\ pi)ii'i','.-i'^, llii'ii, «)' lire l)ut 
followin'; III)' liisloi'in (‘\olnlion of llii' proccsM's ; .mil in so 
(loiiio \M‘ Inivc til)' or)';it I.MIII )if Iviniwino )'\,i)'ll',' wli.ii is 
i')‘)pin)')l wli.il .11')' III)' n)')')‘sMin oiidIiIdiii.s hir ,t “ );)))iil 

spin " 1111)1 )'.in IId'D'I))!')' in))i')' p)'i'f)'i'tlv I'l'ali/)' tin' 

il'rlri' )if 111)' v.ii'D'iis pi')ii')‘'.'-)',s 1)1 I))' snlis)')pu'iitIv (li'.ilt'willi 
. 111)1 )l)'si'iili)')l. Il iiiiu'lil li)‘ (•)iiili'n)li')l III. It. following out 
this pniicipl)', ui'.i\ino slioiilil In' lii'sl ili'.ill willi. Tlii'io is, 
howcvi'i'. n ii.i(nr:il liinil hi'yoiiil which wi' in.i\ not pass 
w'ilhoiil loss r.ilhiT Ih.in piiu. 

Spiniiin;; mac hi' ih'lini'd ,is tin' art of fhi'owino a immhi'r 
of niori' or h'.'s shoil lihri's looi'iln'r in siii'h a w.iv that, licinu 
drawn out In fonii a coniparalivi'lv tini' lilanii'iit, they };rip 
one anothi'r hy reason ol tin' siiilaci' Iriclion ami tin' twist 
inserted, thus lorniing a eoinp.ir.itnely liriii, strong thread. 
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Thus spinniiif' [iriiiiiirily df the two ojicriitions of 

(Iniwiiif'-oiit or “ dniftinj',” and tuistini,'. It should at onci' 
he notisl that “ s|)miiiiio ” is ((iiito <listiii('t from silk “ throw- 
in;;.” wliioh simply consists of rccliii}’ the continuous thread 
or lilamcid. of from lOO to l.tlliH yards forming the silkw(»rm’s 
cocoon, and t hrowinc or t«isliny' it with one or mori" threads or 
^ lilamcids of similar character to form a litm, stronocr thread. 

Long Fibre Spinning.- Very hrief study ol the art of 
spinning will demonstrate the coni|Kirative case with which 
long lilircs, such as flax, hemp, long wool, etc., may lie spun 
into yarn. (Jiveii length and all else is simple. The eailv 
recognition of this fact, would natiirallv lead to the prepara¬ 
tion of lla.x, hemp, wool, etc., Iimidles or slivers so arranged 
that a continuous hand of more or le.ss |iarallel llhres might 
he passed into the spinning machine to he given the necessary 
twist and so he converted into thread. Tims the simjilest 
and conseipiently earliest form of spinning would consist of 
some arrangement wherehy, after having deftly formed a 
small hand or sliver of lihres hy the hand, twist might he 
expeditiously in.sertisl. Such was “ distalf spinning,” the 
process heing that jiist descrdied. with very few conveniences 
lor facilitating speed of prodnclion. Ilow long the art* of 
spinning rested in this very iiiellicieiit state we do not know, 
hut |)rohahly for hundreds of years. Amid the ingenuity 
with which we of the twentieth century are surrounded 
from the cradle we cannot well gauge the mental effort 
ncccs.sary to evolve the idea of a continnons spinning ]iroces.s 
in ]ilace of the slow intermittent process. But it came at 
la.st, and the llax wheel, giving ahout three times the pro¬ 
duction, was evolved. In this the deftly extended .sliver of 
right thickne.ss and regularity was fed continuously by hand 
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into a liver ie\ol\e(l liy nieniis of a foul lieiidle, wliicli, in 
eoiijiiinTion with llie liiil>l>in ii|miii uhieli llie vain was to lie 
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wound, liotli twi.slod it and wound it neatly ii]ioii this lioliliin. 
Xo doiilit tlie dillienky in evohine tiiis anaiii'enient was 
due to the fact that it is ini|jossililg to etleel llie eontinuoUB 
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fcftdiii" in and twisLing of ii slivoi' without sonio nipans of 
iriiidiiiii <iii III till' hnxliiiii spiiiilh' tlie tlinaid ho fonned, or, on 
tlio other liiind, of winding th(! yarn continuouHly on to a 
I ^ lioldiin williout some arrange- 

J-.'' incut for tlie eontiniious twisting 

of tlie same. 'I'lic, holdiiii and 
I ! flyer iiraelically the liinda- 

mental i)rinei[ile of all eon- 
tiniioiis spinning frames — is 
/ / \\ really a most ingmiious arrangi;- 

I] :! li incnt, and it would not he sur- 

1 ; ' j prising to lind that short fihre 

t I 0 spinning on the ordinary simple- 

;j5 ^ I j spindle Inind wheel reallt pro- 

H li ceded this invention. The iirin- 

■ ■ 1 'C. 

y eijile of long fihre spinning is 
infiniti'ly simpler than the jiriu- 
oiiile of short fihre s[iinning, hut 
^ ^ the necessary liand machine for 

V 7 continuous long fihre spinning is 

|| much more suhth' and compli¬ 

cated than that requiri'd for 
short fihre spinning. 

Pio.jU Iiin^nei, of Khor -pp,, - (Ux wl.oel'• (higs. tl and 
on tie (iriliiiiii v l''lax fta) Consists of a douhle-groovt'd 
wlieel (.1), worked hy a foot- 
pedal (]i), round which two hands pass, one to the grooved 
flange on the spindle and (Iyer fO, and the other to the 
grooved flange of the bobbin (/>), .so tluit as the wheel is 
revolved by the foot-pedal it in turn revolves lioth flyer and 
bobbin. As the bobbin has a smaller grooved flange than 
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tlui j'roovfil tlaiipc or drivinf: wlioel of tlio spindlo, itlhoro- 
fore goes soinewliat ijuiekco' than the spindle and liver. 
Tlie Imndle of flax or wool is conveiiieiilh [il.iccd !il)ove the 
Iher and holdnn, and a coineiiiinit or rei|Uin'd tliickness of 
sliver is made no from it and passe<l llirongh the eye {K) of 
the flyer, round tlu^ wing and over a noteh or wire (/•') 
whieli direets the thread on |o llie, hohhin. I'pon the 
whi'el heing rev(dved, twist is pnl into llie slivc'r in )iro- 
])ortion to (he length of silver delivered to a gi\('n nnniher 
of revolnlions of the tl\er; and the yarn is wound up 
in jtropoiTion as the liohldn gains upon the liver. Ii 
HO ulii'i-r urn’ (Irlin'rid kioI ihr irlorl iimltnl, liiixl oiilii 
troillil In’ jiiil into llir alii I r. Il oil Ihr .s/imi /(■.porn/ irrri' 
(II Iirci I'll, till' liiihliiii lii’hl jii.ll, mill //(.' ////(■/ itiliili'il, iiiini 
Ifiiiihl .■,■/////)/ /; //(■ iiiimi'l ///)((» till' hiihlmi. 77 /.' iiilihil 

ijmiiiiHij iijii'i iiIhoi ioiih'i III III hill II lliiii liio I itri'iiii'i. 

The idea of increased [irodnetion h\ a conlinnons eni|iloy- 
ment of hoth liainls and feet would naturally lead to 
further attempts at increasing production. It would at once 
be realized that two main de\(dopiiients were m eessary, viz., 
a more speedy means of iireiiaring the slivers to be spun uii I* 
a giljater number of spindles to he, worked by hand. This 
latter idea probably germinated first, as we have fairly earlv 
records of a double-spindle lla\ wheel. I'’ew pe.ojde, how¬ 
ever, would bo skilful enough to work this with the cor. 
dition of feeding the simidles with un|ire)i.ired slivers; 
hence little advance was made. The development o| 
drafting rollers by Lewis Paul evenlitally entirely removed 
this limitation. How crude the iileas of the eighteenth 
century were wo can only realize by again reverting to the 
fact that it was supposed that, as with metals, one pair ot 

T. It 
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Sinplp Rollf-i'. 



Potiili for ('nnsiilrrohnii, 

( 1 ) Size. 

(2) Material (Iniuiiliitioii 

and eoveriii"). 

(:j) 


Double Hollers. 



(1) niul lb‘liiti\<* 

(2) Material (foiiiulatioiiH aiK 

eo\rnii^'). 

{•'!) Fluting'. 

(I) Mettnid of Weiirlitiii"-. 

(.)) Metliud Ilf I luMiig. 


J.traftiiij; Eollcis. 



( 1 ) Rolativo Size.' of Haek and Front Rolloi'. 

( 2 ) Materials (fimndatiou.s and eoverings). 

(di Fluting'. 

(I) Method of Weighting and Jnlluence on Power CoU'Umed. 
(d’' Di.'tance ajiarl. 

((i) Mothial of Driiing. 

( 7 ) Relative Sjn'eds of the two pairs of Rollers, 
fti) Ineliuation of Roller'. 

{n) Supports (carriers) between the two pairs of Rollers, 

i'lo. 10. 
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rollers would ln' siitliciciit to clTcet tlu' necossiii v drafting. 
The dovi‘lo|uiu'nl, liowovor. was made, and its iililily 
gradually realized to (lie lull. We can well iiua^iiie the 
ilileresl that I.ewis 1‘aul. Arkwri^;ht. and others would have 
in experiineniin;^ with rollers and noliiif,' the <-ondilions 
under whieh they nii^ht hesi he employ'll lor diaflin^>. and 
it is something' to their eredit to he able to say that (hose 
early workers practieally develo|)ed in their luaehines 
))rineii)les and methods whieh we have not heen able to 
imiirovo upon in prineii>le to any ftreal e\tent. 

A lew wonls on roller-draft will demonstrate the prin¬ 
ciples employed. Some of the factors of roller-draft are 
illustrated in l'’if'. 10. These faet( 0 s seem eomp^iiatiMdy 
siinjile, but they aie nol ically so. Take for e.xample 
the first factor—size of ioilers. At least thiee varyitif' 
factors are here involved, vi/,., length of fibre to he drawn, 
size of roller to ojve the liest conditions of wearino 
surface, tind exact condition of orippino ol the fibre 
desired. Thus in the stiinnino of short lihres siudi as 
cotton the diameter of the rollers should be apiiroxiiuately 
the length of the lihre (Fig. Ilf, while in long wool filaes 
(Fig. 12) there is little n lationslnp of the diameters of the 
rollers to the length of the fibres, but on the other hand 
these diameters are decided with reference to grip on the 
fibre and surface wearing ipiality. l''or a I (-inch staple 
cotton a l;-inch diameter jiair of rollers is usually employed, 
while for an S-incIi wool vara .1 21 inch top back roller hearing 
upon a I (-inch diametcT hoftoiii liack roller and a o-inch top 
front roller hearing upon a t-iiich diameter liottoin roller are 
usually employed. Here again it will he noted there is an 
interesting fpicstion of “ grip. ’ With small rollers the gripping 

H 2 



Fig. 11.—Diaftinp Boilers for Various Lengths of Staples of Cottoi 
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surfart' will lie .small, and l■()nM‘^|Ul■ntly tlicif is a toiidoncy to 
■' cut " With lary'cr rollers the ttripiun*; surface, will he, tiiueh 
larfjer, aud eonsei[ueiitlv a liriiier !;ri|) ohtained with less fear 
of eiittilii.'. It will further be evident that it may he verv 
desirable to leave some rollers bare and to clothe other rollers 




Colton 


FlO, 1‘2.—Tllustriitinn the Kel.itivi* .Si/.. Wool unit 

('(itti)ii lliultm;' Kullers, 


with leather, etc. Now, iron rollers may be clothed with leather 
in two ways, first by rmiiiiii}' a eontinuous leather a])roti 
between them, or by actually elothiiij' one of the rollers with 
leather upon a felt or other foundation. Corresponding 
fluting necessitating rollers of equal size renders the leather 
apron idea more economical, and in fact nece.ssary, in certain 
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wool l)ox(‘s, wliili' in other boxes and fratnes a laree fi-ineli 
roller, leather (dothed, fulfils the retjliirorncnts of the case 
both from the eilieiene.y and wssirin;' siirfaci! or cost points 
<if vitnv. 

Ai'ain the (piestions of double metal nip, metal and leathi'r 
or cloth nip, or double leather or cloth ni]) are worthy of the 
most carefid consideration. One of tlui rollers in a wash-bowl 
is clothed with wool and wool {^I'ips wool ajjainst metal. Hut 
in the ease of cotton, leather against metal is applied. Here 
is a most inlerestino problem. 

Th en with reference, to the distance apart of the two pairs 
of draflinj' rollers most interesting jioints are to be studied. 
'I'alce, for instance, an H-inch wool libre. If this is pas.sed 
through rollers tj inelies apart the front rollers revohing 
faster than the bach rollers -it. will prob.iblv be brohen. If 
the roihu's are exactly H incluxs apart the back pair will eivo 
it up just as the front jiair take control of it: while if the 
rollers are, say. Id inclms a|)a.rt each (ibre must freely ride 
upon its neii'hbours for '2 inches after l('avine the back rollers 
before the front rollers take it. The middle condition is th(“ 
Correct one. all cotton drawini; rollers beino very accurately 
set to control the libre as positively as jios.sible without break- 
ine it. Hut in a well-pre|iared wool combed sliver or “ top ” 
the libres may vary from I inches to Id inches or 12 inches, 
while there is also the (piestion of twist in the .sliver to be taken 
into account, twdst enabliuf; the drawer, as it were, to control 
the fibre with the fibre. If it were not for the t.wist factor and 
the natural cohesion of wool—.save when atfected with elec¬ 
tricity—wool “ toji ” drawini; would be a much more difficult 
process than it actually is; in fact it would be nece.ssarv to 
work to the shortest fibre, breaking all the longer fibres, thus 
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eonMimiiisr power .iiid destroy in*; the ipiiility of letifitli so 
often recpiired in worsted Viirns. 

An eeononneal i|uestion is involved m the, speed at. wliieh 



draftiiif; rollers should he inn. Alone, / e,. without any 
spindle attaeliiiieiit to twist and wind-u|i the sliver drafted, 
the limit would depend in part on the nature of the fihre. 
Cotton, for exanijile, ean he drafted ipiicklv when the fibres 
are once started sliding upon one another, Out nut before; and 
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again, air blasts and air fiictinn so altect cotton tliat tlicy 
must be, very carefully taken into ac,count. Tln^re is also a 
mecliauioal problem of wear and tear involved, so that 
altogether this also is really a most interesting, if somewhat 
involved, (puNstion. 

It will now bo realized that given drawing rollers, the 
' llyer and bobbin mechanism, and a reasonably steady 
driving power, the factors for a successful automatic 
machine are present. Ificbard Arkwright was the lir.st 
to recognize! this, and bis water-frame was the first 
macbiiKi of any moment ell'ecting the spinning of yarns 
automatically. 

Till! illustration of Arkwright’s “ water-frame ” (l''ig. 
i:t) will <!X]ilain the general arrangement. The only new 
problem involved is the ridationship of front rollers and 
s[)indle. The possible positions of .sjiindlo to front roll(!rs 
are illuslrated in Fig. 11, but it should be further r(!niarke(l 
that the solution of this prolilem will in [lart depend upon 
the inclination of the drawing rollers. It should further 
bo remarked that jirobably “gravity” cannot be entirely 
ignored. So far as relative jiosition goes the relationships 
shown at A and V'.' are identical, but it will be realized at 
once that the force of gravity may make a material 
difference in the “ spin,” especially if the sliver is heavy 
and has not marked adhesive (pialiti(!S. The main jroint to 
note, however, is that of limitation of the twist. Anything 
tmichiiig the yarn between the to|) of spindle and the. nip 
of the front rollers may limit the twist to below this point. 
Thus in some cases it may be desirable to have such a 
relative position of spindles and front rollers that the 
twist runs right up to the nip of the rollers; in other 
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cases it be desiriible to lay the sliver on (he bolloin , 
front roller; and in otlier cases it may actually bo neces- 



Fin. I I.—Possible position of Spinitle in n-liilioiisliip to Iiniltio;.' liolleis. 


sarv to introduce what is known as a (i;H)-board with 
the threefold object of carrying the yarn straioht from the 
nip of the rollers, of centrino the yarn above the s|iindle - 
as in the cap frame—and of holding the twist in the yarn 
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Fio. 14a. Pnesible position of Ppindle with Guide Eye in relationship to Drafting Rollers. 
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nenr to the spindle or top. This Iiillor point is worthy of 
very careful consideration, as ilie holding apart of two 
threads to lie twisteil toocda.i- just aliove the Iwistino 
spindle lias a marked elTi'cl on the reoiilarity of the twist. 
The inclination of the spindle aKo. as will he note<l direelly. 
is most important in the woollen mule, and in ;;eneral 
hardly receives th(‘ alliniiion it imnils. 

A glance may now he taken at the modiliealions i)f 
the continuous hohhin and llyei- principle of spinning 
introduced since the time of Arkwright. 

When it was realizpil that the hohhin oi- spindle was the 
spinning mechanisni and the llyer the windei-on. an 
endeavour was naturally made to simplify this latter, 
thereby saving expense in const riiclion, elTecting a Pednction 
in the consnin|)tion of power, easier dolling and cpiieker 
rnnning. The lahoiir dilliciiltics in .\merica Inrther for¬ 
warded this moveineiil and so the ring fiaine came into 
heing. 

In the modern ring frame the s[iindle hut in this case 
without a llyer—is the eliiid imftive factor. The drafted 
sliver is delivered exactly above the. centre of the sjiindh*, 
so fhat u|)on the spiiidh; being revolveci twist is put into the 
sliver. Hut how is wiiidiiig-on elfecled ' Siirioundnig ihe 
spindle is the ring or, eoiiversely. the spindle passes exactly 
through the centre ol the iiiig. and U|ioii this ring, suitably 
controlled by the ring-llange. is a “ traveller. ’ 'I'lie sliver, 
instead of jiassing diiectiv to the apex ol the spindle, lirst 
passes thnnigh the traveller and then on to the spindle or 
bobbin placed on the s|)indle. The traveller thus acts as a 
retarder, enabling the spindle to wind up the yarn delivered 
to it by the front rollers. The yarn is distributed on to the 
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I.'i.—Riiii; Sprinj; Friimi'.-.1, li.uk rollers; /?, carriers; 
front rollers; l>, eyelet lioanl; spiinllB; /■’, spmdlo 
support; (I'.spimlle wharl, U. tin drum round which spiudlo 
baud jmssos; I, ring; traveller. 
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bobbin liy tlin .'-low movninnnt up and down nl (lin ruin-rail, 
the s[)iudles naturally Ih'Iih; lixturen. To ensure lii^di speeils 
on this niachine say T.IKK) to I'J.OtKI ri’volutions-inanv 
sjiindles of sjieeial const ruction liavi' been desinued, some 
selfdialaneinn. some runninn in oil. etc. (see h’!};. lb). 

The developnielil ol the iiiin Irani)' woiihl naturallv b'ad 
inventors still lint her alii'ld, anil eventiiallv tin' I'ap frame 
was e.voUeil. 

The cap fraim' is very similar lo llii' rinn fraini'. savi' that 
till' ed>!e of the cap itself develops, or helps lo develop, the air 
friction alierebv the bobbin iiiav wind earn on to itself. .\s 
the ca)is are too heavy to mo\e. and as the distanee between 
the tvap-lioard 1) and the edi'e of the cap should be eonslani, 
the bobbiii-rail moves to elTeel the distribiilnm of the \arn 
on the bobbin (see Kin. Id). When the cap frame was (irsi 
tried in Mradford the yam was .so .sofllv wound that it eoiild 
be jerked off the bobbin. This was ow mn to the fact that, the 
Irame was run at L’.Stitl revolutions per minute "to niv it 
a chance.■' It was only when the frame was speeded up to 
.b.lHKI ri'Milutions ))er minute that its nreal possibilities were 
realized. The cap frame eaiiie into the wool district froi'ii 
the cotton district. Whv it should be .so successful for 
pure Rotanv wool and so useless for cotton is anain a most 
interesting ipie.stum which we have not sjiace to investigate 
here. 

In two important points the suiiposed autonnitic spinning 
frames are not automatic. They neither feed themselves 
autoraaticnlly nor do they “doff” themselves automati¬ 
cally. The comparatively large bobbins placed in the 
creel behind the back rollers of a spinning frame contain so 
much sliver to be spun that little manual labour is necessary 
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Fio 18.—C;ip Ppmiilns I’l'.imp.—.-I, I'iK'k rnllpr*; /?, oanipis; 
front rollors; ovoli't IkwiiI ; 'iiiiullc tixwl in 
friiniowork ; oi)) sn(iiiort('(l byapiniUo; If, bearing for 
tube / : II, wlnirl ronnil which driving tiipo inisses; /, tubo 
upon which bobbin or .'pool is lixinl mid cairied round. 
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to keep tile fnimr siippluMl \mi1i oi- lOMiif; to Im' 

spun iiilo Viirn. Very (liU'eienl. il. Iiowi'ver. with tlie 
(lollino of tlie comiionitivelr miuiII spools or lioliluns u)ioii 
wliicli the spun yiirn is lll■ll\erell. On an avenioe a liver 
frame riliinino on |',,'s willi 10 turns per iiieli, will lie 
(lort'ecl si\ limes per ilav of 10'. limirs, ami a cap Iraiiie 
runniiio on uilli |f> liiriis per iiieli seven times per 

•lay of lOi hours. With tlm seareily in half-time lahonr 
the invention of an aniomalie ilollino motion has heennm 
imperaliv(‘ly m'eessarv. Mes.sr.-.. Clough iV Co.,of Keiohliy, 
first suee.essfullv emplovecl Mieli a. motion on llirii liver 
spimiimf fiames. while \lr W. II .\n\olil l'’omli'r ol Hurlev 
in-Wliarfi‘il.ile, ipnekiv lollovveil with a lopihiveii liver 
aiitomatie clollim; Ir.niie Tliim e.ime sever.il altempl- lo 
“ (lolT ' the ea|i frame ami hliallv il is lair lo s.iv that .^le^s|•s 
I’rmee. Smith & Son anil .Mi-'M'^. 11.ill ami Sirll, holli ol 
Keiohlev. have each phieeil on the maiket siieecssfiil llvei .iml 
eap doHini; meeh.inisiii. .\l lir'-l it was llioiiohl ih.il yivrii 
li.ilf-tiiiie kihoiir such a molioii vv.is not reipnrisl liom the 
eeonomieal point ol view. I'roiii expelimenis ll■eelllIv iii.ule, 
however, if. wonhl a|ipear that il is moie than piohahle Ih.n 
the (loltine motion will iiltimalelv supplant half-time l.ilioiir, 
heiiif' artii.illv eonsiilei.ihlv moie elheienl with leo.inl to out 
Jlllt. This, hovvevel, relels more |•allll•ul.lllv• to liver lianies 
the ronditions of dollino e.ip and rino Ir.imes heiii)' somewhal 
more eonipliealed. ConMileriiio the iiieehaiiieal prolileni in 
a broad wav it would seem as ihoiioh the meehani( al problems 
of doflini; are ejeater than the problems involved in spinmiif;. 
and that therefore the spnimno maehiiie should be imifle to 
the (loiTer and not, as at present, the dofler api>hed to a 
machine designed without regard to anv such attachment. 
Of course, to change a machine which, although apparently 
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simple, lias been rviilvnl bv f'ciii'ratiDns of workftrs and 
jirobably oontains mon; tlian wo havn the least idea of, is a 
datif'erous fliint'. Still, tlie result may jiistifv tlie, atlempt. 

Short Fibre Spinning. -The art of shorl-libre sjiiniiing 
would possibly develop some time after loiig-libre sjumiiiif', 
beiiie soiiiewliat. more mvolvecl ami of such a nature that 
it. would not, so readily be “ thought of,” but would 
probably be aeeideiit.illv " diseovered.” Ifrietly, the art of 
short-libre spiiimii}' consists in sup|Mirtuie the thread or 
sliver ilurniii e/um/u/mn with twist instead of with rollers. 
Did spiniimj' simply consist of linxliiifi libres together, then 
it would be impossible to dllTeieiitiate between long-libre 
spiiinme and Mhort-tibre spmiiiiu;. .\uv ditferenee would 
then probably lie in the prepai.ition of the respective, fibres 
for the spinmiij'. But the draft ini' or dr.iwiiii' out of the 
sliver beiiia necessarily implied, at once euipliasi/,i‘s the 
dilfereiiee between loiig- and short-tibre spinnme. Kor in 
long tibre sjiiuniii}' the libres ,ire ol such a length and are 
arranged so (larallel in the sliver that when the s]iinniiig 
t.wist IS inserted it is iiiserti'd into ,i sliver or thre.id already 
formed, and of which the thickness is already decided. 
Where,IS in short libre s|iinning the eonuiieneemeut of the 
liiial twisting is really a putting in of draftmg-twist, i.e., as 
the twist is inserted the sliver is elongated. But for this 
drafting-twist the short-tibred slivers to be spun would 
break. This drafting-twist running into the thinnest sections 
of the slivers,strengthens them, and these becoming the strongest 
sections in turn servo as a means to draft the sections 
which are now relatively weaker. Upon the drafting being 
r-ompleled the elongated sliver is then converted into a true 
thread by receiving its final complement of twist. So potent 
IS the drafting-twist that it must be exactly adjusted to the 
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length i)f lihrc heiiig >]mii, the sluuter the lihre anil the 
more ilniftnig-l\\ iht, anil eonverselv. the longer the lihre the 
less ilrafling twist, until for long lihres no twist at all is 
possible, as they hinil the sliver too niiieh. uniler wliieh 
cireiinistance roller control nuist he resorted to. The 
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jirineiple ot .spinille-diafl is the ihs.tiiigiiishiiig feature of 
male spinning, especdall) woollen mule spinning, jiroihieing 
yarns of niarkeil charaeleristies wliieh in turn have a 
niarkeil inlhience in hoth the wea\ing and fniishing 
operations, .\gaiii, the method ol inserting twist into 
the slivers on a mule must have some iniluence upon 
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till- nwultiiiit yarn, tlumgli wliat it exactly is wo, cannot yet 
say. 

Tile woollen iiinlo was liid up to by tlie jenny (Fig. 18), 
wliieli was simjily an enlarged .single-bobbin wlieel arranged 
to control from sixteen to sixty spindles. A similar machine, 
termed a billey, was introduced between the card and the 
jenny, to prepare the stivers for their liiial elongation, liolh 
machines acted on the principle of ‘'spindle-draft.” 



Fid. 18. llargreave's Siunning Jenny. 

The woollen iiiiile is the perfect short-llbre. spinner. In 
brief, a woollen imile consists of three main jiarts, vis., the 
prepared or condensed sliver holder and deliverer, the carriage 
with its spindles, and the lieadstock which controls the action 
of the otlu'i’ two. 'rill' condensed sliver (A, Fig. 19), brought 
up from the carding machine on lightly-flangeif long condenser 
bobbins, rests on a delivery roller, and being turned by surface 
eontaet is always completely under control. The, slivers from 
these condenser bobbins are ])as.sed through a pair of stationary 
rollers the revolution of which is in accord with the turning 




I'jo. 111. -- (.1) I'onilciiM'd wckjIIpii -Iimt, prior to 'iJiniiiti(j; 
(oiKloiiMil \iorj*tod -^livor ]»rior to sjiinuiny. 
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of tlio condensed .sliver roller, iind liofli are under perfect 
(!ontrol from the, headstock, inferniittent delivery being varied 
at will aeeording to the re([uirem<‘nts pri'sently to be described. 
The carriage earrving from .'500 to 700 spindh s of any .suitable 
pitch, thickiie.ss and inclination, according to the work to 
be done is pi'rlectly controlled from the headstock by means 
of (Irawing-oiit and ninning in .scrolls. 'I'lie .speed of the 
spindles IS also under pe’feet control .so far as dralling-twist 
and final twist are concerned, and .sometbing more than iimh'r 
]ierfcct control when the building up of the eo]) is in jiroeess, as 
will be e.vplained immcdiat ly. One complete spin—starting 
with the carriage riin-in to thedebverv rollers, ami con.sei(nently 
with the spindle points clo.-e to the grip ol the rollers, from 
which the condensed sliver passes direct to the spindle points 
takes a few turns round the spindle and in the shape of spun 
yarn forms the cop on the .spindle may be described as 
follows: As the deliveiy rollers deliver condensed sliver the 
carriage with its spindles slowlv retreats until it reaches about 
half the, distance of its complete traverse, wluii the delivery 
rollers suddenly sto|). The carriage, however, goes on towards 
its full traverse slower and slower, in the meantime the spindles 
|)Utting ill just the reipiisite drafting or supporting twist 
which, owing to the neailv upright |)osition and thickiie.ss of 
till' s|)indles. vibrates right along the .slivers and ensures 
distribution in fair proportion to the diameter of the yarn, so 
that as thin ])laees arc strengthened and become strong the 
thick ])laees are drafted out, and so an equalizing action goes 
on right throughout the drafting operation. I'lion the 
carriage reaching the e.vtent of its traverse - when drafting is 
completed—the s[)indlcs are turned on to double speed to 
ellect the necessary twisting of the approximately two yards 



Tlir. raiNi Il'I.KS 111- sl’INMNli 


ii: 

of yarn jiim- .'iimidlr. jiisl twist mu as iimcklv as |i(iss|li|,.. Thr 
insortion of mi nuicli twist natnvallv caiisi-s a rontrarlion of 
thr throad. and to allow lor tins a. sliulit vi'tnrn of tin* I'.irriaui' 
towards till' di'livciv ioIIits isarranui'd lor or .1 sliold additional 
dclivpry of condansi'd slivrr niadt'. I |ion tlm roinpli'tion of 



l’'[(i *J0. - Mull* Srt tittn .1, li. I . I''ii'iii h ili.iun 

l‘i)t '•piiiiiiTi*:. II, laik ili.iltiiiu'^ lolli'i'.. f. t.niwM; h, 
flout lii.ifinikc inlli'i *■. A’, '•jiutillr I .III \ in;; 'liuu \ .u u . /’, wlmil 
oil spimili* I’loiii wljirh li.iuil |i.i>-*-> Id till ill inn . //, ilniin wliirli 
coii\i'\M iiioliDU lliiDii':Ii til'* IDnl /, liDiii till* Iwi't pulti'N in 
th(‘ lio.iiKtui k A. to tin ilinnt *! I. a i.tltlt '^i id|] wlin !i 
n*ci'iMn ’4 a \im:il»li* nmliDti iioiii rin* nu.icli.ml \.V. lluou;;li 
tin* <‘h!iin 1/. llio''piiiiili '' tin* loin-it lotation touinil up 

tin* vain Idi ItiiiMinu’ a liiin -Dp iIuiuid tin- lunnin;; in of tin* 
(•yimajji* at tin* .■'anil* tiiiM* lli.it tin* lalli'i uin* ;inil i ountoi l.illn 
■will* /' (lina t and ti'U-ion tin* windinL' up ol tin* \ain. tlu*- lu*in;; 
luithi-i’ (‘ontiolli'd )>\ till- .-iition nt tin-" topping plal(\" u)u< }i 
I luitrol" tho up and down inoM'iin nt ol lli<* j.illfi- win - 

the twislinj; the ^|niiil]es ate rever^eil fur a lew tnrn.s ihi.s 
is termed “ baekin^-uli'” t<i eii.ihle the fuller jiiiide wire to 
coninienee buildiuj' up the eup from where if left off at the 
last run-in and <i eimnter-f.dier wire, .sinlahlv \\e|o|ited, ri.se.s, 
as a [lerfeetly even ten.sifm nm.st be iiKiintamed on the yarn, 
otherwise it "snarls’’ and forms kink^. The earriaf^e, is 
now freed and cmmnenees it, iiin-in under the* control of 
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.'.(wolls wliirli, workiiif' in conjunction witli a ([iiiidrant which 
controls the turniiiK of the spindles, and a “ coppinf'-])latc ” 
which controls thi; traversing of the faller-wirc, result in 
a (inn, sound cop heiii}' huilt u|). Upon reaching the 
delivering rollers the faller-wire rises; the counter-fallcr 
win; falls and the spindles arc free to repeat the cycle of 
evolutions. Of course a greater or less amount of condensed 
sliver may he dtdivered, according to the draft reipiired, 
more or less dnifting-twist may he inserted in accordance 
with the hinding qualities of the material heiiig treated, 
the e.vact turns per iindi reipiired may he inserted at double 
speed, and by a change of “ copping-plate’’ the yarn may 
be wound on bobbins instead of on paper tubes. 

From this description the two mam featines of mule- 
spinning, viz., the spindle-draft and the twisting of unsupported 
threads will he fully realized. It should he noted, however, 
that, as previouslv remarked the machine just de.scribed .should 
not be called a mule, for (irompton's "mule’' received its 
name from being a hybrid conibmation of roller and sjiindlc- 
draftiiig. while in the Woollen mule there never has been any 
roller-draft: it is simply an automatic jenny in (he “billy” 
form.' The cotton and worsted mules, however, are genuine 
mules, as ridler-draft in these plays almost a leading part. 
If. as very often happens, little or no spindle-draft is 
inserted by these, mules the only possible advantage would 
appear to he in the method of inserting the twist. 
Against this presumable advantage there is the intermittent 
character of the cycle of spinning operations and the 
additional floor space occupii'd to he placed. That there 
must be an advantage is evident from the fact that mule 
spinning in the cotton trade at least holds its own, while in 
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the ease of the worsted it is rapiiilv iimkiiig headway. In 
holh these cases it may he (hat it is the peculiar metliod of 
sliver preparation, which it makes ))c)S'-ilde, which is the laail 
advantage. This will claim attention in the next chapti r. 

It will have been notieed that althongh cotton is short 
lihred, neverthcdess it is freipunitlt span on the roller-draft 
or long-tlhre spinning method. This is accounted forh^ the 
nature of the cotton tihre, which is much more docile than 
wool and does not reipiire length to control it, lull iiiav 
rcadilv he eoiitrolled hv Miiall ili.iftiiig I'ollet.s. In (|os 
comicc.tion it. is iiitcivsiing lo note that prior to the 
mechanical era cotton y.iriis were prohahlc .s|)nn verv 
largely, if not entirely, upon the short-lihre spinning 
systi'in. This is home out liy a Knowledge of tin* cotton 
indiislrv in India, in whiidi the lhi\ wheel plays no part, all 

the spinning heingdoiie on the simple spindle ..I. This 

reiidercil cotton spinning a lel.itnely dilticnil process as 
compareii with either linen or long wool spinning; hence 
the coiii|iaratively small nunilier el people l•ngaged in the 
industry jn ior to the niechaniciil laa. IJiil the iiiirodiictioii 
of the various automatic drawing and spnniing machine 
rendered ))ossilde the drawing and spiniiing of coitiai on 
the leng-tihre princi|ile ; in fuel it is practically true to say 
that the cotton industry is a machnie-crealed industry It 
would prohahly always have remained small hut for the 
introduction of meclianical methods. It would also he 
interesting lo investigate to what extent the short or JJolany 

' It is an iiilcie-toig ]io.li|em in i'miiomiv nf In ilei ii|n 

wlictlier the spun yarn sli.iiilil I.e lun t.-c tw.eit- ..r fnrwaols atiU 111 ., 
conilcnsed .-liver left statinnaiy nr I'lcc fcroi. linlli fniins ale still la 
UPC to-day. 
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wool industry is a niucliine-creatod industry. It is true 
that woollen yarns were spun from sliort wools prior to the 
incehanieal era, hut tin; short wool worsted yarn is evidently 
a creation of the mechanical era; and comsequeiitly to this 
mechanical development must the laif^e demainl for Jiotaiiy 
wools he altrihutcd. That this is so is proved hy the fact 
that the lart;esl incroascis in the production of these yarns 
liave taken plac(! since the jierfectint,' of the, lUicessary 
jtreparatorv inacliinerv and the machine wool conih specially 
adapted for .-.liort wool comhing, i.f., between ISIO and 1880; 
although short liotany wools were previously largely 
employed in the clothing and woollen trade. 

During the past twenty-live or thirty years many 
endciavours have been made! to pro<luc(‘ a frame yielding 
yarn possessing the .same charactrudstics as yarn s|)un upon 
th(^ mule. If such a frame could he produced a great 
saving in s])aco and a markedly incieased output would he 
elTocled, since such a frame would he a continuous spinner, 
wheroas the mule is an intermittent spinner. The dilVicul- 
ties to he faced aroprineipallythe.se:—Firstly, the continuous 
drafting of the sliver along with the insertion of the 
necessary drafting-twist; secondly, the insertion of the 
true thread twist; thirdly, the construction of a frame as 
easy to follow—to piecen up broken ends on—as the mule ; 
and fourthly, a frame as inexpensive in both initial cost 
and in “ following” as the mule. One of the first attempts 
was that made hy (Vlestiu Martin, of Verviers, in which a 
“twir.y.ler ” to insert false drafting-twist is placed between 
two pairs of drafting rollers, and a ring-frame arrangement 
placed to receive, twist and form a cop of the drafted hut 
twistless yarn as delivered hy the second pair of rollers- 
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This niai’liino, iilthoiif::li to a (•(iii^iilcratili' cxh'iit 

on tlie Coiiliiii'iit, caimol lio c'OMMilciril ('Mlitel\ Mitisfiu’ton . 
Till* (Ifaftinf,' elTcolcd or f'ii|i]tiirloil hy false lai-'t is 
very <lilTereiit in character from that ohtainin;' on the mule. 
Again, the vihration wliieli i tnis aleiig the tliri'ail in mule 
spinning owing to the tliicliiiesn ami inclination of the 
spindles is not attempted here. \gam. the tinal twisting 
conditions ohtaining on the mule do not in the least 
obtain lierc ; and linally, the dilliciilties of piei’eiiiiig up 
are greater. 

Ill Fig. 21 the latest st-vle of imile lraiiic is shown. In 
this it will he noted tli.it the " twi/./le " (/t) is placed pr.ict icallv 
upright and has two iirojcctKais ii|ion it. Ihese .ire to give 
the “ vihration " or short piilU to ijie tlire.id winch no doiiht 
play suoh an im|)ortaiit. pait m spmdle-dr.iftiiig on the mule. 
Tins form of twizzle, however, ohvioiislv imacases the dilli- 

culties of |)inceniiig up .Vrrangemeiits are ..ah' in this 

machine to make the dr.ilting intermittent, hut the twisting 
and winding on to the hohhm .are eonlimioiis. As the main 
point in iiroductimi lies in the twi'stiie.', this ajipeais to he a 
mov'c in the light direction. I he conditions of tinal twisting, 
how'ever, arc similar to tlio'-c eiiiplov'ed ni the tlelestin .Martin 
frame, and will jirohahly icsult m a dilfcnait yarn heing pro¬ 
duced as compared with the genuine miile-spiin yarn. Ooii- 
sidcring the economic etfect in the space, occupied and the 
jiossihly greater |irodiiction owing to (he continiions action 
of the frame, thi' frame iiiav he wi.-ely and economically 
gmfiloyed for the s]iinmiig of the harder twisted woollen 
yarns, although its initial cost jar spindle will jirohahly he 
much greater than the imile. 

In another frame of a similar style bars are inserted between 
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the back and frniit rnllors, near 1i> the back rollers, with the 
idea of limiting the “ run-ii|i ” of the twi.st in the thread, so 
that drafting inav be more readily elYeeted, This, however, 
show.s a total want of |)eree[)tioii a.s to the fiindanieiilal 
jnineiples of .spiiidle-dr.ift, 

Aj;ain the dillieiilty was siipjiosed to be soKed bv the 
addition of an apparatus to the eonden.ser, which took the 
slivers direetlv from the rmo dolfer thus obtaining ,i " free- 
end and twisted them into what were ealleil tlireaiks. 
As there was no draft at all in this ease the resultant .strands 
were sim]dv twisteci slivers and not spun tlircsids. 

In .still another type the front draftin'; rolhus were lifteil 
to allow the twist to run up to the back rollers. 

From tlmse attempts it would appear that for the spinning 
of e.haraeteristic woollen y.iriis ''specially hue varus with 
iinich twi.st the woollen mule is not at all likely to he 
superseded. 

* » * S' <■ 

All the'foreooiii!; I'.iilii'ulars shoilhl lead up lo a ihormioh 
ap]irehetision of lhi‘ '•oiidilioiis o,,\ermn}; t.irn ami thread 
construction, .\etiial (hn'.ol sirueturi's imisl now be con¬ 
sidered. The.se mav well bi' stiidieil iimh'i' two heailmf;s, 
\i/,., sinole varus and two- or maiiv-fohl varus. J’eihaps a 
third class .should be .idih'd of faiicv y.iriis, which, however, 
can only be referred to very brielly in a treali.se of thi.s nature. 

Sinolc yarns are ajipari'iitly .so simjile in fibre arranf;emcut 
that it would seem that there is little to be rioted about them. 
The difl'erenco in fibre arrangement between woollen and 
worsted yarns must certainly be noted, anil even in worsted 
yams the question of fibre limgth and binding must be care¬ 
fully considered. 

Undonbtc'lly the nett most important matter i.s the 
twist. This is usually ilefined in “ turns per inch," but 



121 


Ti:x'i'ir,RS 


thd (l('Hi;,'ii.iUc)ii tiy “ iiiif'li! (if twist" is m) iiiiich more 
ilMiifiil mill xiilinlyiiiii lli:it it is licre ailoplc 1 iis tlie Iwsis 
of tniiitiiiciit. Willi l■(lf('l•(‘lll'(l Id liotli siiifilc miil two-fold 
yiiriis tlio followiiifi formula' will lio foiiiiil to lio of "real 
lirartical utility;— 

If I) llii'iliaiiii'li'i’riTiprocal, 

71 ratio of ririamitcrcniai to iliaioi'liT, 
fl analc Ilf twist, and 

T turns |H'r nil'll, till'll 


T and 


col of ll. 


77 >s' cot tf ' """ 77 X T 

In sinfilc yarns tliii “ lilirc ainilc " is dealt willi; this lias 
an important licarini' on llic folding of yarns. In all 
two-fold I'arns the, relationships of “fihre anele" and “ twist 
aniile ” innst, he carefully considered. Thus, as illustrated in 
Kig. 'I'l, the, three most ordinary relationships will he : - 
(Ionverse twist (2). 

Siraieht-lihre twist (I). 
tlonciirrent t wist (d). 

Of Ihi'se, eonverse twist is often .spoken of as “ hahinee 
twist," sincfl the torsional strains line tothcsiii';h' twist mav 
he just halaiieed hy I he torsional straims due to the two- 
foldine twist. 

In " straieht-llhre twist" the two-foldine in the reverse 
direetiim to the siiiole twistiiio just lirinos the lihre direction 
into line with Hie lonoitiidinal direction of I he thread. 
Tho eonditioiis for ohtainiiio this relationship, which is 
certainly one of the best [Hissihle, is : 

N I*? 

of two-foldnm. for Ihree-foldimr, 

' Nd 


S 


for fimr-foldini;, etc., etc., 


where N turns |ier inch in the sinjile yarn. 
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Concunvnt tuisl ummI Io Ih' niurli niiirc (■\t(Mi''ivclv riMploviMl 
than at invscnt, nwiii^ In the nn^taki'ii idi-a tlial In piil inti) 
tilt tlio Nime miiiihi'r III uinis per iiii'li pul inlo llic 
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sinffle, hilt in the rcviTw ilin ctitin, would just take out the 
sinj'le twist and make tlie softest |)os-.ili|e varn. 

The tliriM’other possihle eondilioiis for two fohi yarns are 
shown in Fig. 22 (4.ami 0). F^acli of these yarns has special 
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propcrtifis, wliiiili should be fully realized by the yarn and 
cloth constructor. For voile fabrics, for e-vanipbu ((i) is most 
ascful. 

Fancy yarns may la^ classed as knickers, (doiid, knop and 
loop, tbcrc heiii)’ .s(^v(!ral vari(!tics of each. From time to 
time fashion favours the fabrie.s into wbieb tbesi' yarns may 
be woven, biil^ j'ciKnally those yarns have only a limited 
ap|)lication. 



rifAi'TF.it vr 


rnorKssKs l■ltl■■.^Mu^()Uv to mts’S'ini} 

In till) foiT'i'oiiii'cli;i)il('i- tlio vm-ioiis pi iiktiiIch of spiii- 
iiiii}* Imvo lierii fully (.■oiisidri-fd on tlio hiippohilinii lliiit liotli 
loni; mid short lihros of various tdassos woro avadaldo for 
s[iiniiin^;. No avcoiiiit, lioucvor, wa^ talicii of Iho favl llial 
in no case, with tlio partial owcplion of silk, itro rillicr thi' 
loll}' or slioit (ihrcs of coiiiiiu'ivi' found iialnially m a I'oii- 
ditioii Miitidilo for living spun iiilo yarn. Kor cvainpli', lliv 
variation in length in most, iiialeiials iieressitates a r<iiidi- 
ing operation to e.hissify the lilires wliieli may he .satis¬ 
factorily s])iin together, long s]iinnnig nell with long, and 
short with short, hut not long with short. Again, all materials 
contain either impurities natural to their growth or 
accidental impurities wlindi get into the mass of lilires and 
must he removed hefore s[iinniiig can he atleni|iled. In 
the first class the corlienl snlistaiiee in llax, the gnnis in 
tHiina-grass, the yolk in wool, the gnin in silk and the 
seeds in cotton, may he cited. In the. second class water, 
hovond a certain aniouiil, in lla\. wool, and cotton ; and 
htirrs, seeds, straw,and sand in wool may he cited. What¬ 
ever the impurity he, it is nsnally necessary to renioie it 
with the least possihle dannige to the lihre and to leave 
the fibre in a condition for heing spun into a good useful 
yarn as already defined. 

The proees.ses preparatory to spinning are verv varied, 
naturally being adapted to each jiarticiilar lihre. The prin- 
ciple.s involved, however, are all comjirised m the following 
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nmchincs,' tin; iiclioii of which will ho ilcscriliwl after 
till! natural rc([uir(;nicnts of the various lihre.s have been 
eousidered, 

AIai'minh. MAiiutiArs koh wiiini Kmiuaivku. 

The (Jill .... h'or cotton. 

The Wa.shilie or SeouiiU!' 

.Machine . . . Wools and hairs. 

The, Dryer . . Wools. Ii.iirs, ote. 

TheSeiilcher . . . («) h'oreollou. (h) For llav. 

The Haekwasher . Worsted slivers and lops. 

The(Jill-ho\ . . Lone wools and silk (luodilied 

lollii). 

The Darder . . . .Mediuiu and short wools and 

Colton. 

The Dre.sser . . Waste silk and China-crass. 

The Comb . . Wool, eoltoii, and soineliines 

silk and China-crass. 

The Drawinc bo.v . . Wool, cotton, and silk. 

The Cone Draw nic-bo\ Wool and cotton. 

The French dill or Drawiiic 

bo.\ .... Short wools. 

The iiiiporlaiit points to slndy about Ihe.si' niaehines 
are, lirstlv, the priiiriple iinderlviiic their constriielion : 
.seeondlv. the wav tin' material should be ]irepared for 
jiresentation to the.si' niaehines; and, thirdly, the way in 
which lhe.se machines should deliver the material ready for 
the ensuinc jirocess or processi's. Ilcfore dealinc with 
these points, however, the natural reipiirements of each 
fibre should be eousidered, a.s it must always bo the fibre 
which decirlos the tyjie of preparing machine even iron 

' Net Silk MacUiiiinj,' i.s tieateil separately m ChupterXV. 
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and steol inu.'-t i-onfonii to wifi cotton anil wool, liislioii>, 
silk and liarsli t'hiiia-ciass. 'I'liiis in tlio piopanvlion of 
cotton and wool foi- hpinnin” on tlio .sliort-lilire principlo 
good carding is so important that the resultant spin may 
absolutely ho said to depend u|ion it. In the prepaialion 
of flax and certain other vegetahh^ lihres for spinning on 
the long-fibre prineii>le satisfactory retting, scutching and 
driissing an; ecpially important. In the preparation of long 
animal lihres such as I’highsh wool, nudiair, and aljiaca, as 
also in the ca.se of the " comln'd " cotton^, an averaging ol 
the fibres by means of the opeiation of combing which in 
turn has its pieparatoi s jirocesses in the form of cai’ding or 
preparing - is neee^sar\ to ensure a satisfactory s|iin. It is 
obviously impo.'sible to say that any one piocess is tlu' most 
important in the si i|uence; each operation must hi’ worked to 
the best advantage if good ri sults are to he linally attained. 

Four Methods of Preparing Vegetable Fibres for Spinning.— 
To ensuri' satisfactor\ results in the spinning it has been 
found necessary to employ at least four distinct methods of 
preparation for the vai ions t\iies of vegetable lihres, each 
of these methods having been nalurall\ evohed through 
e\|ierience with the respective lihres to which each is best 
suited. These four methods are as follows: 

1. Air-lila>.t /'/•iyii/;ii/ii)».’-- This is ehietly employed for 

cottons, being the niaiii |iriiiciple of the o|ie|iei.s, sciilclieis 
and ]ierliaps not altogether inactive in the caideis The 
initial stages of the preparation are usually followed hv 
carding, .sometimes combing (as e.xyilained in the chapte’r 
on the Cotton Industry), and then drawing as directly 
preparatory to spinning. 

' tsee p. no for (lesfiiptaai at guiimig iiae tunc, tlio tiist inactiiiiQ 
employed in cotton. 

r. 
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■J. li'illiiiii l'|■l•|llll■lllillll. Tliis is cliicll}’ employed for 
lla\ 1111(1 11 few miiiloKouH lilires, in uliieh the fermcnta- 
tioii line to stccpiiif; in |i('iity water, or jierhiips “dew 
iclliii'!,'’ is siillieient to destroy tlic cortical siilistaiice 
ill the llax stems and thus render fairly free the lihroiis 
portion. Sciilehiii'' to further loosen any cortical particles 
-.lill adherine, and dressino, coni|)lete the cleaning 
preparalion of the (ihres, which are then o()t into sliver 
form, as in the case of loii” wools, etc., and tinally 
drawn and spun on the lon" lihre principle as already 
cvpiaiiieil. 

Si |■(l|lllll| l'll■|Ml■ull(lll .—This method is employed for 
such lihrcs as llamie and China-^'ra.ss, in which no form of 
rettino is altoccthor satisfactory, prohahly owiiie to the 
oiims which act as linn hindiiif^ or inte^'ratiii'' agents. 
Not laily is a nood scrapino in riinninj; water usually 
necessary, lint " deeiimniino ” hy means of caiislic soda or 
other rcaoeiits is also necessary later. Once the “ tilasse ” 
is in a really lihrons and clean state it may he treated 
somewhat on the llax principle, or, hctler still, onwhati.s 
known as the “simii silk principle,’' in which an averaoing 
up of the lihres is elTected hv a iiroccss known as “ dress¬ 
ing’’ (see ji. l:!8) followial hv sliver forming arrangements 
similar to those employed for long wool, and spinning on 
the long lihre principle. 

The Krciicli comh is .somcllines cni|iloycd in jilacc of the 
dressing frame, and has proved very idfcctivc. 

1. Arlificiii} /Vcpdra/i’iai. As arlilic.ial silk spinning is here 
in ([iiestiou and as most iirtilicial silks are fornied from vege- 
tahlc mutter, such ]irocesscs should claim consideration here. 
The s]iiuniiig referred to is not really .s])ininng. it is rather a 
draw iiig out of a prepared wood or cotton pulp into a tine 
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lilamcnt wliicli, liardi'niii;' on i'X|m)' 1 IIi' |o die air or liv .'-|M'ciaI 
treatment, tluK lieeome'i a line .'itraml ami e; later Iwisieil or 
“ thrown ” «itli other slramls to form in turn a true ihreail. 
A.s tlie later |)rinei|iles invoheil .ire tinee ol s|||, ihiowine no 
further ileseiiiition is here e.ille l lor It i' intere'tinn to note, 
however, that artiliei.il II.i\ ami wool are now lieine pi.iced on 
the market, and no donlil other v.irietn's of siieli lihres or 
lilaments w ill follow. 

Four Methods of Preparini; Animal Fibres for Spinnini;. 

As animal lihres are iisii.dlv delivered into the hands of the 
.sjiinner alre.idv in a lihrons stale, lli. ir |iie|>,ir.ition is dilTeii'ni 
from that of lla.x, eli'. on the one li.ind liv naison of the 
ahseiiee of the iieeesviiv fi>r iiieeii.iim .d Irealmeiil. and on the 
other hand in that eel tain .idhernie im|mrilies imi.st he leiiiovi'd 
1)V cert.Mil eheiiiieal or eln'mieo |>hv.sieal o[ier.ilions, iIm' 
wa.shine or seoniine of the wool, etc , heme the ehicd of these. 
Tin* two methods of ele.iiisine wool, eilher <d whieh mav he 
em|iloved. all* tin* solvent or .soa|) seoiiiine method, which is 
almost niiiveis.illv i'ni|iloved, and lie* solvi'iil mc'lhoil, m 
which treatment with a solvi*nl siieh as helizeiic or petrol Is 
followed hy a warm-w.iter w.|..h. This hitler method is now 
elaimine careful eoiisider.ilion, and m.iv prove to he the best 
sy.stcm under certain conditions in carhoni/.me, for e.xaniple, 
in whieh hnrrs, etc., are eharied from the wool hv a sniphnric 
aeid treatment. The opei.ition of sconriiie, however take 
what care one will freipienllv ,'o m.its the wool or hair that 
.special machines must he emploved to di^eiitaiifile it and 
constitute it into a sliver snit.ihle for spnmino from on the 
short-lihre prinei|ile or a sliver siiitahle for .s|iiiining from on 
the long-lihre prinei)ile. 

The four methods of prcjiaratiou enijiloycd for wool and 
hairs are as follows:— 
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1. 77ic il'iiiilli'ii Mclliifl.— ]n Itiis ciihu willowiii", tea'iins, 
hci'iliMitif', and (•anlinf' resiill in tlic wool bcin;' delivoird 
as a hroad coniiiiiioiis liltii with libres iievfeetly dis- 



li'ilmtcd 1(1 tlie condcnMn' wliicli hrcalis tlic hro.id film of, 
aa}’, IH to 7‘2 inclics up inlo HO to 11(1 piilidikc lila- 
nioiits -not tlireads, as then' is no twist in them—which 








lM!ncKs<is ri;i I’vi: \ iMia to ■'riwiN'; n, 

are (.•(iiaiiiuiiiol\ wound im io ilic condon^iu lioKlini'-, whu-li 
ill liirn lire triiiisterred (o ilio nnilc to lie .siiiiii iiiio llioMd.'- 
Iiy ildililioiial driifl mid Iwisl. iSic l-'io ■_>;!.i 

li. I In' linfintti II lo M< tin'll, |■’llu^ ^liorl 

wools wliifli liiler iiiii\ Im' s|iiin on llm Ion;' liliu' |iiinn|dr 
lire ciirdi'il to oliimii ill! eifii dotiiluiiion of Iho lilui-s in 
llie sliver delii'ered from tiiee.nd. Ilnl tlie e.iidiii;,' o|iriii 
tioil no (loilld lends in p.iil Io mi.nine the liliie> lon;.'.i 
tudiiiidly in the .‘'liier, heinn .iideil in llio h\ the wii\ in 
which the sliver is dinwn oil ihe niiielniie .is i'oni{);iii<i 
willi tln*dellVer\ ot the shiei troin n woollen e.iid. I In 
eonihino opeinlion now lollows. heiiin iindeii.ilMii with the 

idea of tilhlii.n II will the s||,,i I tihies, . . . noil," ,iiid I lin ■ 

loavino in the slivers to he s|inn onl\ the lihiis ot .’ o,,.i,| 
averaoo leiioih. IiilhhoM s .mil di.iw inn-hovi s linii i Ifi ri 
the, “ striiinlileniii"" niiis-.ii v lu'l.n, s|iiniiiii,; enn he 
salislactorily iiiidei tiil-.eii, the two pi i mi pies of donhhn.'p." 
and ■' draft " heinn appln d with the l ie, I 111 iilil.iinilii; .1 le\el 
sliver whiidi will sjnii out to ihi inpinid eonni 'I'he 
excess of di lift over donhlinns piles'tin n duel ion m ihieh 
ness of sliier. The knowinp when Io doiihle mid when 
to draft to olitiiin leiei shieis i.s ,,|||| mill nn|ii i feet K 
understood. (See hips. n| mnl -Jiv i 

It. 'I'In' i'.injlixh I|ii/s 7 .i/ l/./len/ i.onp wools mid hmr.- 
siich as niohiiir. alpaca, etc., are liinled on this svsieni, 
allhoiieh it is well to note lli.il iheie is .1 ni.irked leiideiiei 
to prepare liycaidiiip nineh lonper wools lh,in wins fornn-ili 
the case. Theie lone-lihied innleiials are pilled iis a pie- 
paration for conihiiip and eonihed on tin l.isier or Nohle 
conih. (iill-hoxes and diawinp-hoxes tlieti ell’ect Ihe neces¬ 
sary “ Btraighteninp ” prior to .spinintip, donhling and 
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tlrattin*; iH-in;' applied very iiiueli ii> iii tlu' ne'e of Botimy 
wools, but us a rule there are fewer o|)i'ratiou>. 

4. Till' French ]\'iir.ite(l MciIkhI .—The f'horlcf't and tiiie'-i 
Botany wools are preimred for spinnine on llii- loelliod, 
he prineii)le heino that the wool is tieuied in an o|ien 
condition without twist b\ drafline mlleis tlnonehont, 
twist beine nnne('e^''ai'\. (U eoin-e special su[ipeii and 
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control of the wool dill ine ill alLine innl a siiecial form of 
delivery are necessivi’N. The worsted mule ulmost iiivariahly 
forms the climaK to this melliod, alihmieli there is a ipies- 
tion as to whether s]iiiiiinie on the cap principle may not 
yield economical and useful results. 

Two Methods of Silk Preparation. -The special charac¬ 
teristics of silk are its unmminess and its " slipperiness.' 
These two factors play an important part in decidin},' the 
processes throui'h which the lihre shall pass. The two 
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ili-lli'i'liM' nil lliiiiK of |iri'|i;ira(ion iiii' lll■^inll^ll for tlio " net ” 
silks mill llin “wiiMi; ’ silks l(‘s|ii'i'tivi'Jv, tlin *'lli-t " silks 
n-iiniiiii}' a “ l■olltll|||olls film- pioia'ss'' ami tlm wasto silks 
siiii|ilv a “ liiiio filin' proi'cs',” 

1. ’I’lir Cnlltllllliili-i !• ihl I’ Sill, I'nii ' '■i 111 lllls ca-l' llui 



I’lil *Jii S|,iiii SilK 1 li.ifl^ ific Iiiiii/iint.il iln mnio I imli) 

I/I, /', .mil / .nr Kl. L'ml. .ini. Illi. -itli .mil lillniiall'. o'.lhr 
^lim m. anil // tlir nml 

liliri' is simply I'l'i'lnil fi'oiii llm ciK'iioii its full li'iiotli, 
I'li'aiii'il, sofliMii'il, anil "lliroHn" with iitlicr liliri'S, twist 
liriiio insi'i'ti'il iiL'i'iinliiio to ii'ipiin'iin'iils. ipiaiitilv ami 
iliri'i'tiim lii'iiio im|ii)rlaiU niattors to alti'inl to tsim |■'lo. '2,)). 
Ill lliis oast' till' ]in'paratiini for tliii spmiiino or '■ throw 
iiio" is vory siniil.ir lo tlm lU'tual tlirowiiio operation. 
Degiimming is offocted with soap and hot water, and may 
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nt'ceshily f<ii' ilyiiinj' iiml tin; ililli,-11111 ,,1 cIc^^miiiuiim;; cci'- 
tiiiii fiil)i'it's I'esiilt ill laiyi; iiuaiiUlic-'- ol silk la-iii;,' unvcii 
in the degummeil lunii. 











2. The Li}ii(i-l''ilive Silk l’r<iresn .—In this case tlie lil)rea, 
although long- buy 8 inches to 12 inches—are not continuous. 
They may he jjrepiired and got into fairly satisfactory sliver 
form hy rollers and gills (which are usually of the intersect¬ 
ing type tocontrol them better), Imt to spin them satisfactorily 
th(! fibres must be averaged up on the dressing-fram(!--(.('., 
sepai-atcid, say, into seven lots or “ drafts,'’ as they are 
termed, according to the length of lilae, the first draft 
being, say, 12 inches, the second 10 inches, and so on (see 
b'ig. 20). The slippery nature of the silk fibre nee<'hsitates 
its treatment on the “ dressing-frame.": in fact, tliis tilii'e 
has given rise to the dressing-frame, which now is not only 
(‘Uiphned for silk, but also very largely for China-grass 
(see l''ig.*2t)A). 


The still shorter or real waste silk may he again cardtal 
up ami prepared and spun upon the liotany worsted 
method. 

Tveieri, Kxiui'i.k of tiik Muthod of I’liFerinNo cno 
St'iNNiNo TKX'rii,i-; AIv’ikrim, (CiiiNr-oitrss oi: II.uiik). 
Ihditie Muiiii/acliire. Order of /'/o/ e.<s’,’.s'. 
la. decorticating usually .on plantation while stems are 
green. 

1. Boiling with caustic soda, etc. 

2. Bleaching—ordinary method. 

!1. Washing. 

•f. Hydro-extracting. 

T). Heat drying—without confusion of “ fibre-bundles.'’ 
0. Holler-softening. Through rollers—ti inches for¬ 
ward, 3 inches backwaid, etc. 



i’itO(T>si:s ri;Ki’.\i:\TMi;v to >ri\\i\(i i.iii 

7. (’iirdiii}; anil liliri'ciiuiiit; pmcc.ss. IS ciunlis. Cuts 

at 7 J iiidii'N. 

8. I n IW liDoksoii llal ilir'-Miifi-fniiiu' with 

strippiiif,' (liaiiiiH. 

!l. S|)ri‘ailint'(ir liiiiciM'iMiii;,' ■plls’l. [.ap-ilrmn 

It feel ill (liaiiii-lt'i-. 11.ill'll-II iiii'lu'i. to I'i iiiclii's. 
l''all('i's occ'iijiy >pa('i‘ of S iiu'lirs. Two p.ii-^a^'i'S. 

10. (lilliiij^ fordiiiarO. Ilntcli II iin*ln’'i to I'd iiudios. 

I■'alll'ls ori'iip\ splice Ilf S iiielie.s. 

11. Drawing on opeii-eiip I heads. Hatch 11 inches to 

1"2 inches. Fallei's occiipv space nl H inches. 

12. Iloviii;,' on 10 spindle [laiiic. I shier up. Ilalch 

10 inclic s to II inches. I'alleis occupy space ol 

71 inches. 

lit. Doiihlino on liO spmdle IVanie. 2 to 1 sineis up. 
Carriers in pi,ice of odls, 

II. Hot water spnniino on 1100 spindle iin;; frame. 

Hatch of 10 inches. 

1.7. I'ry twistiiio on 272 spindle lino fianic. 

III . (iiissino on oassiiio liaine. 

17. Heeliili,'. 

*18. Hundlinc. 

* ..I w 0 t 


1’i;ki'.\h\T()HY mvciiinks 

Each of the iiiachiiies prciioiisly nientioned iiiusl now 
he hrielly dcscrihed. when the reader will no doiihl he ahic 
to adjust the rcipiireiiieiits of any )iarliciilar iihre to the 
nifichanic.il piinciplcs ol any icijnired niachinc, or ro-c 


leisu. 
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The Cotton Gin.—This iiiiiiiliiiu', in it.s siiiiiilc^t form con¬ 
sists of a roller with a hroad steel hlade spniiio iit'aiiist it. 
The roller draws the cotton round hetwnen itself and tho 
hlade, and the seeds, heitif; larKii and hard, instead of fol¬ 
lowing are freed from the cotton lihre and drop olT into a 
receptacle arranged for them (Kies. '27 and 27\). 



l''io, CT.—Ciitteii (lla. 

The Washing or Scouring Machine This jiriinarily con¬ 
sists of a howl for holding ilie heated seimring liquor in 
which the wool is to he cleansed In immersion. This 
appears very simple, hut a tew moments’ thought will 
show that some complevity is inevitahle. The liquor must 
be maintained at a definite heat, hence steam must he laid on 
it will also be advisable to lay on water, and possibly soap 






I'Rim’f^sin i'i:r.i'.\i;\T(ii;v m m’iwiv; 


in 


liquor ami alkali, so that pcrfcrl control of tlu' IciiipciMliiic 
lieat, and strength ol llic liquor is olitaincd. 

Tlio yolk, s.iml. dirt. etc. oot, out of tlic wool must, I'c 
disposed of, ’Finis, s.iti^f.ictoiv iiiciiis of emptying the howls 
must 1)(! ado|)ti'i|, drain pipes heiiio suitahlv eomieetcsl to the 
howl or howls to d^•llvel■ the liquor to the siUtlmj: or w.iste 
)ivodiiet tanks. 



I'lo. UTe- I linh of .siiicl' ,M.h.oi1i\ I"tti,n1iin. 

Hut, a^.iin. diiriin' the oper.ilion of seonrin;; the diii and 
grease, ete., should he eol .iw.iv from the wool enleiing the. 
howl, this hemg iisiiallv elfei-liil hv the settling wliieli takes 
|)laee hy lloalmg tln' liquor out with the wool and arranging 
for a tank at the sirh' for the gie.ise, .s.uid, dirt, etc., to settle 
into, hut so e.oii'lriietei that it, niav he readily ehsined out. 
In the latest form ol w.ish howl (Kig. JU) the miehmes are 
.self-cleansing, and mav he iisi d eontinuoiislv for wi‘eks. 

The propelling of the wool from one, end of the tank to 




liitio. 
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tlio other und espeeiallv t.ikiii!; it. out of the m.tehine 
are also matters whieh re(|Uire very careful thought ami 
arr.i naemimt. 

Scouring sets now frei|uently consist of four or live 
machines giving iilioiit (it) to HO h'et of howl, in wliieli ilie 
wool is iminersed on an average for ahoiit eight minutes. 

It may he interesting here to give a hrief rcsaaic of the 
evolution through which wool semiring has passed. 

The first idea was to pass the wool lapidly through the 
scouring liipior ; this matted the wind, prevented peifect 
scouring, and resulted in had work thionghout all snl'M cpient 
processes. 

Then the idea of forcing the scouting licpior through the 
wool was tried, with a vcr\ similar result. 

Then it was realized that the natural tendeiicv of wool 
to open out when placed in water—when the surface 
tension was removed—niii-'t he made the basis of wool 
scouring, and the wool was lloatcd along with the scouring 
liijuor. 

Then the idea of a wet nip or " |i(is.sers" was tried and found 
wanting, a wet nip apparently nipping dirt into the wool. 

Finally the modern wash-howl was evolved in whieh, during 
the first part of the pas^agc of the wool thimigh the howl, the 
lii|Uor is tending to pa^s through the wool, and during the 
latter jiart of the passage the wool is heing gently pressed 
forward through the lii(iior 'flic wool i> floated out with the 
liipior and given a “nip” or " sipieeze " hetween a wool- 
covered roller and a brass roller, which takes out u[) to 10 per 
rent, of the lii{uor anil delivers the wool free and unmatti;d. 

Finally it was realized that a comhiiiation of circum¬ 
stances and conditions was necessary, that attention must 
be paid to all points, and the bearing of one point upon 
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iiiKitlicr fully liilicii aci'Hiiiil iif. Tliii'i wiMf cvolvi'il flit' 
sets of njoiloiM wool-M'oiiriiio iiiacliiiios m «hicli lln' iii ia s- 
siirv iioitalioii may la' olitaiiicil, Ijiii wlin-li di-livor ilio wool 
frot>, clo.ui and wondorfiillv dn. 

^rodilications of w'ool-i-coiirim^ maclniii'a lo oll'n'l "wool 
sua'liiii},'," and tlicndiy iiclaiii] tliu \alii.ddi' pol.i-li aall>, 
nro aUo placod upon llio inailvi'l. 

Till' solvcril 'V stem III M'oiinn'' is 'o Inilo Osi'd llial a di-l.iilrd 

ri'lisidi'iatioM Ilf It IS not Ill’ll' l■ldll■d lor. 

The Dryer. TIh’Ii’ .hi- si’Vi i.d toims ol diymo iii.n Inin', 



sntdi lii’iiio lll’(■l•ssal'y In llio casn of |•’,no|is|| and cios. Iiii’d 
wool.s altor w'oiiiiin.; and also iisi liil in siii’li upi'iiilioiis 
as cai'lioiii/.iiio. Till- ill \ llio ni.iidiiiii’ Im.' follnwi d an 
tivoliiliiin similar lo tlo' s;-oiiiiny mai’lnni’. Tlii'niali’iial 
lo III! drii'd lilts lii'iMi III Id and air foii’id lliniiioli ll as in 
llio oaso of till’ l.ililo diur: tin- nialoiial lo lio drnd lias 
lioon oai I iod into tliodi\ino air, and last, and poiha]is last 
of all, llio moan liotwoon llio two has hooii adoplod as in tin; 
lalost form of Mc.\aiio|il di tor. 

The Cotton Scntcher. Tins is a maoliino to tlioroi|o|ilv 
disinteorato and cloan llio oollon prior to oardino. Jlriolly 
it consists of “cage" rollors upon which the cotton is 
lilowii, which pass it foiward until eventually it isdelivoiod 
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us u lap. Snitiilily arranged “grids” allow .sand and 
heavy foreign matters to drop out of the air currents; 



I'm. 'Jiui —The Scuti hor. 

thus the cotton is fairly well cleaned and fieed pnoi to 
carding (Figs. 2'd and 'itlA). 













The Flax Scutcher. - Tliis is a machine to heal and hreuk 
tlie flax Btraw alter rettine ho tliat it is in a siiit.iljle state 
for tlio dressine frame. It is practically a “ breaker ” of 
the lla.x straw and also a partial cleanser (Kij,'. -he). 

The Backwasher. Tliis machine usually consists of two 
small washiiif' or scouring tanka, dryiuf' cylinders, and 
a straiehleiiiii” "oi'h! in several forms, for 

each tv[)e lau'lain constructional ailvaiila^^es or advantages 
for the maUu'ial treated being claimed. It is employed 
eitlu!!' before (in Mnglaiid) or after (in l''rance) combing 
to thoroughly clean worsted slivers or “ tops." lor not oidy 
do(!S the wool becoiiu^ siillieil in passing through the several 
prei)aring machines, but iuij)uritics wbicli cannot be 
extracted in the scouring bowls have revealed tlicm.selves 
and may here be coiiveiiicully got iid of. The process of 
" hhieing ” to give a while appearance to the slivers or tops 
is frequently resorbal to, anil is usually ell'ei'ted on the 
backwasher. The latest iiuiovalion in this macliiiie is the 
adoption of hot air drviiig in [dace of cvliiider drying 
(see h’ig. :t0). 

The Preparing Gill-box. This consists of a pair of back 
rollers, gills or fallers riding on screws, and front ndlers, 
with feed sheet and lap, balliiig-head or can delivery. 
The action on the wool may be either a combing action or 
principally a drawing action. For example, when wool is 
much matted the fallers, working quicker than the back 
rollers, comb out the libri's and deliver them to the front 
rollcivs, which should be set close to the fallers. Hut when 
the material has been much worked and is fairly straight, the 
faller-pins simply slip through the libres and consequently 
can only act us supports between back and (rout rollers; iu 
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OtlltT woltls. |ln‘ ojirl.ltion IxM-fiitirs (liaUltlii n|H‘IM 

tioil l)ct\Sfrtl li.H’k ;Uh 1 tioMt 



J III •»! .-riiUl .ill'l I .1 m .it I'ill ot ’^lll ( Ir'I t 111) I , ImI k 

r'llI'T'*. /■’. t.ill*-!-' -I t ’Aitli j'lri' hoiit jc.)|i I' , 

y>. ‘‘}|i‘i fiu;' li.itlii i' l-'iiiiii.;: I.Jji, /'/, tj.iui I'l 
<ln\ in;; li'iut /, tiain -.I u li< • N <ii i\in;: Icii k 

M !'■«- «ln\iMi: tin I.ilN'i' Hi ;:ill''. 


As iinintdd onl with rffccnin: Inciittoii, thr dUlanct*niuirl 
of dniwiii^^ rolli'i'.", si/i* td roller.^, i-li'., hr V(‘n ran*- 

fnllv consid(‘nMl. With wajul tin* ralcli or distaiieo l»rlwr('ti 
hack rollers and lallers or hack rollers and from lolleis is 


upper Back Shaft 





I'lo. .11 \. -I'lnir-lit'ad Krotu'li (lill-hnx in l*lan ami KKn'atmn. 
J.cioi'I. A. back clrtillnij; inllcis, pinne<l fallci> ur 
i;ilU ; /A front diuftin;: rolhas. E. ballmjr head. 
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Till; rioiiiii’iii” (iill-hox iiiiiy 1)0 lieii considereil as an 
n(liiiii'iil)l(i slniif'litdiii'i’ for wool iiiid llio Mirions Igiio animal 
liliri's, and also as a inixcsr for liliros of var^iiio (jiialilies or 
colours (s(!(! Kif's. Ml !uid Ml\). 

The Carder. Tliis inaidiiiii! lias laioii evolved fisiiii llie 
liaiid-rards, smdi as are still ii.scd in llie lioiiie industries 
of Scotland and Ireland. Tlie first slop towards an auto¬ 
matic card was made when a cylimler--which nii”ht he 
turned hy hand—was clothed with caid-clolhin^; and the 
wool worked In lween this cylinder anil a llat card held in 
the hand. This early forai of card {'live rise to the llat and 
the revolvini; llat cards still lar^'ely eni|iloyed in the eolloii 
trade. Finally the whole of the eardiny was eU'eeted hy 
cards nioiinled upon eyiinders, and alter many trials, 
involving holh siieeesses and faihiies, the modern roller card 
was evolved. It is here inleri'slino to note that, owin"lo the 
siisceptiliilily of cotton to air hlasls, the cotton roller card 
is invariahly made narrow and enclosed more than is the 
wool card ; while, as a niatler of fact, ]irohahl\ due to this, 
anil also to the lihre leiiytli, llie flat card seems the favourite 
for cotton (see Fiy M-). The re\ol\iii,i; llat cotton card i.< tiow 
the slaiidard type, it heiiu; almost a scll-cleaii.sini; maeliine. 

In workitif,' cardino iiiachiiiery there are two main points 
to he attonded to, viz., the satisfactory cardiii” of the 
iimlerial and the desionino and arrannenieiits of the various 
parts to work to the Greatest aiUaiitaf;c with the least 
]iossihle wear and tear. The satisfactory eardin;; of the 
material depends in the first place upon the princijile upon 
which the card works. This in the ease of the roller card 
is as follows The swift acts as the main earryino cylinder 
constantly endeavouring to pass the wool forward, hut is 
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r'ai«]inir Vhiimim of Wool. 
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o|i|)o.sc(l li\ Uk! ticlli of tlio w()rki'i.->, wliicli, ai’lino as a sort 
of Kii'M', do not allow niatorial to jiass IIjciii iinlil it is 
liiKily (ii\idcil lip. Tims from lM•o|llnlllo to imil of a card 
lliii workers slioiild lie set eloser and closer the lii'sl 
worker a fair wav olT, llie last clo-e to llie wires of the 
swift, lint never loiicliine.' Thus nialerial is leally worked 

liv iiiiileiial Tile iiialeil.il is eoiideiisi'il oi " doiihlnl " en the 
workeis and llieii eloiii'aleil or di.illed hv the stnppeis, and 
aea.ni dialled liy llie .swill .s|i'i|ipiiie Ironi llie sliippeis I'lii.s 
is llie eaidiiir; operalion; leed-rollers, lieker-m, fancy 
and iloll'er lieiiie the means of eoiidileline «<mi| mto and 
out of the macliiiie. It will he noticed lhal the salislactory 
acc.oniplislimeiit ol llie opeialion jiisl desciihed depeinls 
upon (a) Ihe surface .speeds ol the rollers, which in |iarl 
necessarily iiilliience the size of these rollers; (hi the 
direclion in which Ihe rollers revolve; (ci Ihe inelnialion 
or liend ol ihe card leelh; and nil upon the relalive deiisnv 
of the card-teeth with winch the v.nioiis rollers arcclothed. 
The wear and tear upon a card depend lareely upon the 
size of the rollers, and of course upon Ihe pi.iclii-al seltnie. 

The inatiadal of winch ihe eaids are Iniill is of com.se 
anolher imporlant mailer, hiil oidinary eiiolneernie 
piinciples here apply. Iron is more slalde than wood hut 
is readily hroken, while wood is more eon\einent hat doe- 
iiot lone remain " true." The follow me di.ieramsand li'Is 
will ilhisir.ile the principles of cardiiie and of satislactoiily 
elolliiiyi; the lard e\hiiders (see Kies. :!|, and .Ti) 

III Klfj :!!• a eeiier.d Mew, .iilil in Kie :!|lr a sectional view, 
ol Ihe woollen eoiideiiser (l.ipe) is eoeii liom winch sdtne ide.i 

' Till'S is not I j 111 to Ii no, ,is 111 . it.iiiii; iiiiii|Mii. i‘t. . till' will II i:n lio 
"ot to mil into mio aiiotlioi. 
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Till' --ilk iir I'.iiiiic lilii'i' Is |irt'|i,Ill'll Im (lir ilir-.sino li.mn' liv 
licinjr c.inli'il on a s|iii'al i-ai'iliT (Kii; i’ai) ami ii|ioii llim I'auli-r 
(lilt up into alioiil rj nil'll li'liiplis. 'riii'M' I'J nil'll IrliiTtli' aio 
tlicn I'la-pnl III till' ■' liooks " III till' ilii'ssiiii,' liaiiii' (k'n; :!7), 
ullll'll air pi.Ill'll III till' llolilrl III I'.ll'l l.ior .lllil llliilirlll \Mlllin 
till* s[i|i|.|r III ai'tliill III lllr I'liliilis, Till* “ liooks all* tllrll 
taki'ii mil ami tin* 'ilk irM'isnl. i ,• it m lirlil li\ its i miilii il 
III* ili'i'.ssril I'liii and till* iiiiilirssiil mil is ilirii loiiiliiil i i* 
'Iri's.srd. Till* sliiiil lilii'i* l.ikrii .i\(.i\ ii\ till* I'liiiilis liiiiiis 
■' noils," wliii'li nia\' In* lii'.ilnl mi llir uoiilli n piim ipli* 



I'm .,S 1*. I'll lull III I , II "I I! ll 1 U I I Sill lii I II I *1 III I !|.| 

\iit.|.' ('..lull 

Tllrll' ai'r srvrral Im iiis of I In* ilirs.'iii'i li .iiiii* Tin* iii.itn nil 
iiiav III* |ii*rsrntr(l iipuaids to tin* rmiilis .is in tin* r.i'r nl ,silk, 
or ilinMiHaii|s .is m iln* r.is,. ol ll.i\ In ihr i .isr ol silk 
ilrrsMii}; till* opri.ilimi is iindril.ikrn inmr uuli i|ir nlr.i ol 
aVrl'.li'Ill}’ tin* lilirrs into tin* ,sr\rl,ll llllli'lrlit '■ (halts III 
the oasr of llii.x tin* oprr.itioii [i.ii'takr.s iiion* ol .i rlran.sin;' 
cliaiaiitri (scr Tig -17J. 

The Comb. -'Wliilr roniluiio nia\ in |.iit hr mnl to Iki 
lia.seil upon liin idea ol .is’rrarnig up tin* lihir-, still iiioru 
truly may it he said to consist in coiiihinr out all fihrcH 
undor a certain Iriirlli, leaving the long or top wool to lonii 


'[s\, St'lf ^ii[i|)oitiiii4 Vidili* Cuinh. I’.iim, 

\\li;i,t is ttiniu'il llic ” lop" iiiid llip short to form " iioil.'' 

Monottilli I’onilhiio, osttilli (Irpssinp. must ooa stiiiiolitpii 

ill" operation; in fact, in flip liays of tlip liatnl pomh. the 
speond poinliinp was tprnipil ''slraiolitpiiinp." 
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(ill.11' .ni'l llir .... II 'I i|, ,.,i|iili I ill, |„ ,| 
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I r|il I 'liil.il lull Ilf 1 In li'iii/iiiil.il I I Hi 11.11 11 |;'~. .i.s mill 
Till- 1-1111111111;,' I ipi-1 111 lull llfirfc I- liil'.l li III Hill till- |||;1\M||U Hill 
(it tlic iuiiu (iIikt IiiIuci-m ilii- ili\iri;iiiu circlr-imiil il,,. 
Hill-liiiMiiu llie -Inn ii-'l ciiii iin II worn Iniivi;.- ;,'ii, li m iiiu ilm 
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long fibres hanging on the ontsHle of the small eirrie and the 
inside of the large circle, from which they are drawn off by 
suitably ])laccd rollers. Small drawing-olf rollers enable thi,s 
comb to satisfactorily treat very short wools. The noil in 
the meantime has been held within the ])ins, and ultimately i.s 
taken off from between the ])ins of the small circles by what 
arc known as noil knives. The pinning of Noble comb circles 



Ell.. I19a.— Leather Tape ('ondoiisor. 


should bo delinilcly based upon the diamoter of the pin 
and the space to leave in between for the fairly free running 
of the fibres—say, one-fourth pin to three-fourths space. 

As the satisfactory holding of the fibres by the pins is 
the basis of the Noble comb, it will be realiised that, not 
only must the distance apart and thickness of the pins be 
taken into account, but also the set-over or space over which 
the pins are set (see Figs. -10 and IC.i). 

The Heilman comb in its various forms is the best 
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iTu. 10 . I’li. 11111" lioin li E.m;; Wool \<iblc CombCm lc. .So/c ■ Kor 
tt liotuny L'oinb tin; “ w;t over " for .i is J", tho " wit ovur ’’ for 
UlB If. 

example of the vertical circular comb. J3ricfiy, it conaiatK 
of a pair of jaws to hold a tuft of fibres, a comb cylinder to 
comb one end of this tuft, a pair of rollers to take hold of 
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FlO. -IOa.— View ef )Yool Fibre in the Fine of a Noble Comb. Di«wn 
to scale. 
















llie combed end, combs Uirough .which the uncombed end 
may be drawn and thus combed, and a continuous lap 
forming arrangement. As in most combs the operation of 
combing must be more or less gradual, the comb cylinder 
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here employed has the lirat row o[ teeth (airly openly set, 
the next closer, and so on, the finest heins set ahont (10 per 
inch for wool and aliont HO for cotton. There is also a 



FlO. T'rpiirli llonniif; Fkiiiio in I'laii uml IvIhvuIjoii.—. t, Iinflc 
(traftinK rollers, Jl. iiorcupiiio; front (Iraftini; lollnts; It, 
rubbing loutbers ; A', balling hiaKl. 

preparation of the sliver for conihinf,' prior to the jaws 
referred to coming into action. 

The Drawing-box.—Thi.s is similar in many respects 
to the gill-box, but lacks the gills or fallers, their 
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|)lace being tiikeii liy curriers wbicli suppoit the wool 
'between back and front rollers. The distance between back 
and front rollers is usually somcwliat greater than the 
length of tile longest fibre being trealed, so that in part 
libre may be said to bo worked by libre (see big. 11). 

The Cone Drawing-box.—Ho far as the drawing action of 
this box is concerned the action is the same as in the 
ordinary box. As reniaiked, however, with reference to 
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tho scouring machine, the getting of the material into the 
machine and out of the machine again may he no trifling 
matter; in fact it may he and in (his case is more of a 
problem than the main operation itself. To put the matter 
briefly—in a cone-box Ibo material is positively wound 
on to suitable .sized bobbins with practically no strain upon 
it, while in tho case of the ordinary drawing-box twist must 
be put into the sliver to give it sutlieient strength to pull tho 
bobbin round after the flyer. It is thus evident that with a 
cone-regulated wind-on two great advantages accrue - firstiv, 
the slivers may be drawn much softer and thus a better final 
spin obtained, and less consumption of power in the machiue 
be required; and secondly, larger bobbins may be employed, 
resulting in more economical working, especially (or large 



PBOCKSSlis l-ltW’AHAToUY To Sl'INNINO 


U»t 

quantities. It is also interesliiif; lo nute that as botli 
flyer and lioliliin are imsitividy driven, bidiinn may lead 
flyer instead of flyer leadinf^ tlie Ijoldun asonlinarily olitains. 
Tlic relative advaidaj^es of these two nietliods are wortliy 
of careful consideration. 

It is inlcrestine to note that with tlie cone frame the 
limit of the strength of tlio sliver is not in tin! winding on 
to the hohhin, hut in tint |)ulling of the sliver or rovitig off 
the bobbin (s(!e, I’ig. I’i). 

The French Drawing-box. This consists of hack rollers (.1, 
A'), yroreiiiiine or eiieidar gill or fibre controller (Jl), front 
rollers (('), rubbing le.itliers (/J), anil delivering head (f<!) 
(figs. Hi and ld.\). No twist is liere niserled. so that a pitli- 
liko thread is iirodiiced. The arrangenieni enables doubling 
and drafting to be effected most readilv ami with little tibre 
.strain, and |iractic.illv does away with the iicoessilv for gills 
working on .screws. The value, of this method of |irodu(!ing 
soft s|ini mi.stures has probahlv not yet been fully realized in 
this country. It is nilerestnig to note that french drawing- 
bo.\es are interesting not only owing to their essential |irinci|)le 
of the o)ien treatment ol wool slivers, but also owing to the, 
.special feed and deliverv necessitated. Thus the feed-creel 
carries the balls of sliveis upright, thus reducing friction ; 
and the delicate slivers issuing fio.n the rubbing leathers are 
built 11 ]) on an ordinary traverse balling head or, if very line 
and delicate, as in the last rover, upon a variable-traverse 
balling head, which lays the slivers side by side in a beautifully 
e.xact manner. 



(ITFAPTER VII 

TIIH I’KISC'II'I.KS OF WKAVISd 

As previously reiniuked. tlie art of weaviiiji, or perlta|)s 
more correotly the ait of “ interlae.inj{,” preceded that of 
s[>inning. The “wattles" we. read of in connection with 
early methods of building were no doubt willow or other 
pliant stems of trees or jilants interlaced to form a firm foun¬ 
dation for ))lastering upon, baskets were similarly made 
from twigs of suitable thickness, and many other interlacings 
no doubt jireceded the actual art of weaving in the evolution 
of every race and every country. The idea of actuating in 
two series all the strands running in one direction, forming a 
“ warp," would soon develop where strands or threads of any 
required length were forthcoming from which to form the 
war|). The half-heald worked by hand would then a])pear, 
followed by the full-heald bringing the feet into play a.s an 
aid to the hands. The method of throwing the weft through 
successive sheds or openings of the warp-threads would 
similarly ))a.ss through many stages before arriving at the 
present day shuttle and ))ieking apparatus; indeed the fly 
shuttle itself only ajipeaied in 17118. At first the whole length 
of warp would be stretched out uiion the ground and the 
weaver would advance as he interlaced the weft from one end 
of the piece to the other. Then the idea of winding the woven 
cloth on to a roller, letting in the warp from an extension rope, 
would be developed. The idea of beaming the warp on to a 
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riillcr and of wiiidini; up the clotli as woviai in order tlial tfin 
weaver luif’lit remain .seated in one po.silion and lliiis work to 
tile oreate.st advantaj'e is still in einliryo in .some semi civilized 
districts. It is more than jirobalile that long before the hand- 
loom was in any .sense developed very elaborate te.vtiiri's were 
jirodiiced - very laboriously it is true by hand, almost thread 
by thread and pick by pick. The art of gauze weaving, for 
example, was perfectly known to the Mgyplians, as in 
mummy cloths we find some really elaborate style.s of this 
order of interlacing. J’ile weaving would also bo priicti.sed 
in very narrow fabrics or ribbons. 'I'lius it may be said 
that the art of weaving passed from the stage when very 
simple means were einphned to elTect iiiterlaeing, to the 
stage when very complex hand processes were employed 
in producing elahia'ate design; then through a stage in 
which endeavours were made to markedly increase the 
outimt hy the hand method, finally culminating in the auto¬ 
matic jiroduction of fahrics on the power-loom. It may 
safely he said that so far as we can lell all the most 
intricate and pleasing methods o.f weaving by hand came 
to England from the Continent of Europe. On the other 
hand most of the mechanical methods of reproducing the 
somewhat complicated hand methods went from this country 
to the Continent. Of cour.se there are exceptions to this, 
hut such are exceedingly few and really trivial. 

To-day it may be said that there are practically three 
kinds of weaving, viz.Unit Weaving, as illustrated in 
Axniinster carpets; Group Unit Weaving, as illustrated 
in the ordinary loom ; and Average Weaving, as illustrated 
in Lappet weaving and in the Electric Jacquard. 

The Axminster carpet method of weaving is simply an 
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iuiiUtion of tlie Oriuntol knot, as practised in the making of 
Turkey carpels and in certain Gobelins tapestries, both hand 
productions. The weaver—it such he may be termed— 
simply selects from his bundle of yarn the right colour for 
a small defined section of the carpet he is making, and 
knots this yarn into that s<!clion. As there is no limit to 
the colours emjiloyed and as the structure is firm and well 
knotted together, the result obtained is usually magnifi¬ 
cent. The Axminst(‘r earpcit loom follows (lii.s hand method 
as c.xactly as possible. As each individual |iile thread is 
“latched” by anolher distinct thread baekoal by other 
threads, the term “ unit ” weaving is em])loyed. 

The group-unit sysbuu results from arranging as many 
threads as |)ossible in a war() to interlace in the same way, 
and then to fix these upon the same apparatus—usually 
a hiiald-shaft—which thus very simply works them all 
together exactly as rcipiired. Thus if there are 2,000 ends 
in a warp and plain elotli is lo bo produced, the odd ends to 
the number of 1,000 will he mounted on one beald-shaft, 
and the even ends to the number of 1,000 upon anolher 
heald-sliafl. Thus each thread is a unit to itself, hut there 
is a grouping of units to effect simplilieation in production. 
This system is by far the most fiasjucntly employed, and 
consc(iuontly will be (haill with at some length later. 

The average weaving method is (piite distinct from the 
other two methods, as no attempt is here made to work 
each thread with absolute accuracy as in the other two 
methods. In certain I'lleclric Jacquards,' for examj)le, a 
rough selection of the threads in accordance with the 

* Carver’s Kleitric Jacquard, employed to a limited extent in the 
linen districts of Ireluiul, is uu excellent example of tliia system. 
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reqiiiiTincnts of tlic dosinn is cnVcIcd, wliilo in tin' cusp of 
tfie Lnppot friinip, iiltlioiioli iin pndpiivoiir is nmdp lo work so 
accurately that each needle places iis thread precisely in 
the cloth, still a 1(01011 averaoino op only is attained. 
With more perfect mechanical a]ipliances it is just possible 
that this system will he much niioai fully utilised in 
the future. The Szc/.e]iariik desionino ond card-cullino 
apparatus forms an inlei'csiiofr ultenipl in this direction. 

Group-Unit Weaving.— in Ihis method of weavino it is 
obviously necessary that all ] 0 'evious processes to the 
actual weavint; should he peifccily carried out if r('ally 
satisfactory weavino is to he th(‘ residt. The lirsi necessity 
is a yarn which will weave satisfactorily. To obtain 
this at a rea.sonahle rale hecomes year by year more 
difficult, as the tendency towards closipness heconies 
more loonoiinced. .Vs a lule a yarn with a, iiiininmm 
strength of 4 ounces is the very weakest which should he 
employed. 

The warping operation consists in (ditainiiig a given 
number of threads Isay ‘2,1)01)1 of a given length (say 
100 yards), in a given order (sometimes any order will do; 
sometimes a colour scheiiK!, say lour black, two giey, four 
white, two giey, must he maintained), and at an equal 
tension, in a convenient form for being wound on to the 
warp-heam of the loom, lland-warping is only re.sorted to 
for pattern warps. The upright warping mill is still 
largely employed both tor (;otton and wool warps, hut is 
frequently inefficient, ns it tends to develop stripiness in 
the pieces—both a sectional stripiness and a distributed 
stripiness. owing to its failure to eonirol the tension on indi¬ 
vidual threads and groups of threads unless very carefully 
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set iiml (»i!arcd. The chiswe systcsii is still liirgelv einployed, 
hut again teufls to show a defect in cheese widths, which while 
not noticeable in fancies, in jilains may become very objection¬ 
able. The Scotch or horizontal warping mill is gaining in 
favour and for fancies is imictically perfect, but for plains 
also tends to show a defect in sections of the number of bobbins 



Km. I t [iiijiidvcil lleiiiniiig Macliiiic. 

warped with. The warjier's beam system (Fig. tl). all things 
considered, seems the most jierfect system, as all defects tend 
to become distributed and thus neutralize one another. This 
system is simplicity itself for plain wraps, and lor fancies, 
with a little arrangement, may also be used to advantage. 
The American s|)ooling system of warping ap])ears to be 
losing favour, even in the United States and Canada, but may 
be useful under certain limited conditions. 
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Sizin}' follows warj)ing (see Fig. 1 Ia), the idea being to coat 
the thread and thus prevent its wearing flufty in the gears of 
the loom; and further, if possible, to strengthen the thread. 
In the past the tendency has always been to put vegetable 
size on to vegetable fibres and animal size on to animal fibres. 
To-day, however, the tendency ia to put vegetable sizes on to 
every kind of material, no doubt on aeconnt of cheaimess. 
Of course care must be taken that the vegetable size is readily 
(^.xtractiid from the fabrics during the finishing operation, 
otherwise clouded ])ieee,s, owing to this irn'gular sizing, may 
result. Certain combination warjiing and sizing machines 
are ])laccd on the market, but the call for these has rather 
declined than increased. Hot-air drying rather than cylinder 
drying is now almost universal for wool warps. 

After sizing follows dressing, which consists in winding 
the warp at a uniform tensionboth across and lengthwise 
—on to the loom beam. English dressers ]>refer to compress 
the war|) on the beam with the tension that the warp itself 
will naturally stand, but American drc.ssers often attempt to 
compress the warj) still further in order that the warj) beam 
may be made to carry a greater length of warp, thus saving 
a certain number of tyings-in. 

Drawing or twistiug-in follows. If the warp is to he passed 
through a new set of gears it will have to be drawn by hand 
through these. A good drawer-iu working with a reacher-in 
passes about 1,000 to 1,200 threads per hour. jShould it only 
be necessary to twist or tye the new warp to the warp—or 
“ thrum ” as it is called—already in the gears, this may 
reiwlily be effected either in the loom or out of the loom at 
the rate of about 1,800 threads per hour. If the warp is plain 
and no precise order of coloured threads necessary, the recently 
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introduced '■ Hiirl)cr-\Viir|i'rvcr" (Fifj. lie) will twist or rather 
tve-ia it warp oat of the loom at thi‘ rate of Jotl knots or threads 
|)er minuted This machine works on the " averafte " |irineiple ; 
thus, althou};h almttst perfect, it cannot he reliisl u|)on to 
maintain an ah.solute order of the colours in a fanev war|i. 

Keferenee mav here Ije niiide to thi' various .stvh's of heahls 
put on the market. It is prohahle that not nearlv sutlieient 
attention is (liven to this section of the work, as }>ood \\earin}>, 
easilv regulated, and convenient styles of h(■alds are mo.sl 
neeessai V. Of late wire healds seem to have come much more 
into use. hut there are oood and very had styles of wire heald.s. 
so that oreat care should he e.xereised in .selectill)' these. 
Attain, a shed full of uire healds means niiieli more weittht for 
the enttine, to lift. 

After drawiii)! in, " sleviii),',” or the passiii); of the threails 
singly or in groups of two, three, four, live or si.v throngh 
the reed is necessary. This is etfeeted at the rate of ahoiit 
2.000 threads per hour hy means of two sieving knives worked 
alternately hy hand. Reeds again should leeeive more 
attention than they at present claim. Knglish reed makers 
can make a good ordiiiary article, hut (lermaii and French 
reed makers an* nmi'h ahead in the jirodiietion of really 
fine reeds with jiroperly feathered dents regularly soldered 
together. 

After the warp has been passed through the gears and 
reed the warp-lieam and gears must he lifted into the loom— 
the aisles in the loom shed being siifliciently wide to ensure 

' A mechioiical " <lruwiiig-iii ” (Fig. 44ii) lauehiiie is new iilueedeii 
the market. A " lca.-e-pickiiiK ’ machine is also used in America to 
pick a lease after sizing by means of which to select the threads fur 
tying or drawing-in. 

N 2 
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tills without (lariiiij>e to either warp or ^ears (or better still a 
single overhead rail laid on to transpirt beams and gears 
from the warjiing room dircet to any loom in the shed), the 
gears hung in jMisition, the reed iilacod in jiosition, the warp 
attached to the cloth beam by means of a level wrapper, and 
then after the necessary gearing u]) the actual operation of 
weaving ensues. 

The principal movements during wi aving are as follows: 

Shedding, or forming a passage for the shuttle through 
the war[) threads, certain of the threads being delinitely raised 
and the others dej)re.si,ed ; threads lifted and depressed being 
varied for a succession of sheds. 

Picking, or the throwing of the shuttle through the shed 
which has been formed, leaving the pick or weft-thread behind 
it in the shed. 

Beating-up, i.e., the rec'd beating the ])iek just inserted up 
to the cloth already formed to make a firm, even te.\ture. 

Letting-off, i.e., unwrajijiing war]) from the warp-beam to 
take the place of that used up in intei'lacing with the weft 
to form the cloth. 

Taking-up, i.e., winding up on to the cloth beam the cloth 
woven, this movement of necessity being worked in con¬ 
junction with the Ictting-oif. 

The following acce.ssory mechanisms are ])ractically neces¬ 
sary to ensure economical and .satisfactory work : 

The Boxing Mechanism, by means of which any required 
colour of yarn is presented, in its shuttle, on the picking plane 
and thus thrown into the cloth in the order'ceijuired. 

The Stop-Bod or the Loose-Reed-Mechanum, through which 
the loom is brought to a standstill should the shuttle fail to 
reach the bo.\, serious breakage of warp threads thus being 
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avoidfil. Till" sivli' applii'd to plain or ri^inf' box 
looms, the latter to circular box looms. 

The Weft'fork Mechanism, wbicb only permits tlie loom to 
oo on with its work while weft is presented to it. Sbould 
the weft be broken or absent tb<‘ loom is immediatelv bronnht 
to a stiindstill. Tbcre are two forms, the side-weft fork for 
]ilain looms ami looms witb bo.vcs at one end oiilc. and the 
centre-weft fork for double box looms. 

The Warp-Stop Mechanism, by means of wbicb tbe loom is 
brouebl to a standstill sbould anv warp thread break. 

The Spooling or Shuttling Mechanism, bv means of whieb 
when tbe cop of yarn jilaccd m tbe shuttle is linislied or about 
to be linislieil either it or tile whole shuttle is aiitomaticallv 
ejected and a fresh spoed or sliiittle pii.slied in to take its place 
iti the lir.st ca.se x itlioiit sloppiii}' the loom ami in both ca.ses 
xvithmit tbe intervention of the attendant. 

Itefore describing cert.iin typical looms placed upon the 
market, reference must be made to the various methods of 
elfecting the primarv weaving movements and al.so to 
certain points of importanci' with reference to the acce.ssory 
mechanisms. 

Shedding.--To the uninitiated this may seem a simple 
matter reijuiring little consideration. I’erhajis this would 
be so were tlie yarns which it is necessary to weave always 
strong and were time no object. Hut yarns must some¬ 
times be woven which will hardly stand dressing, and looms 
must run from 80 up to 300 picks a minute—although a high 
speed is hy no means always economical—and thus it comes 
about that most careful and detailed consideration must he 
given to every point in the shehiing mcclianism. The 
chief points for consideration are—firstly, the method of 
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selecting the healds to he raised and the healds to be 
lowered—absolute certainty must here be ensured; secondly, 
the movement of the healds to put as little strain as possible 
on to the warp threads during the change of shed; and 



Exo. 1 . 1 .—Tappet Loom with outsiile treading. 

thirdly, the satisfactory holding of the threads up and the 
threads down during picking to ensure the safe passage of 
the shuttle. Of the varied mechanisms to effect this, the 
Tappet mechanism (either inside or outside tread, with 
“top" or “under” motion) is the simplest and most 
satisfactory, as the curve for the “ rise ” and for the “ fall ’’ 
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of tile hciilil-sliiifi fivii lie rnoilo to fjivo ii siiiii>lo Imnimnii' 
motion or any other desired motion. Mliile the ‘‘dwell " of 
the Iieald shaft may ho ri'oidali'd to a niortv (Ki^;, l.o). 
There has recently heeii |ilaeeil on the market, a eeiilreshed 
Tappet which markeillv (ends (o elh’d perfect interlaeine of 



I'l'.. }'i\. llo;n\ Cdiititj;,' Loom. 

tlic diroad'' at tlt(‘ lt*ast po.-siM<! rnffU'liinutflv, <Ii<* 

interlaeiiif' or lij'iiriuf'e.ipaeity of the Tajipet loom is not ('real, 
•so that for anvthiiifr ahovo a weave repeatingon 12 to Hi slmfis 
a Doldiy must he emphned. while for anvlliiii'; ahove, say, 
.'!() .shaft.s, a .Iaei[uard is employed. The slieddiiif; arraTifte- 
nients of Dohhv looms are usually in some sense an imitation 
of the Tap)iet action (see Kif'. l.-i.t), hut the followitif' variations 
are to be met w ith ; close sheddine and open shediliiif' llohhies, 
sinelc-lift and douhle-lifl Dobhics, with combinations of the 



Liii-h :iiU;iia:i,L;i's fitlicr lor lliu 

fiiliric lii'irio proiluecd or in i|iiirli mid porfcct lunnino. 
'I'lic oiilv diH’croiK'o in iii inciiplc lietwoon the Doldiyiind the 
JiU'iiniird is that in the l>obh_veaeh lieald-sluift niav nstiallv 
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in the Jacquard the lifting only is positive, the depressing 
being effected by weights on the harness cords. The usual 
figuring capacities of Jacquards are—Bradford, 800 or 600; 
Huddersfield, 400; Belfast, 1,200 to 1,800; but there are 
naturally variations from these precise numbers in each 
district and for specific ])urposes. (See h'ig. 47.) 

Weaving wages largely depend upon the shaft or harness 
capacity of looms. 

Picking.—The throwing of the shuttle through the shed 
—under the guiding inllucnces of the shuttle-race and reed 
—is a most difficult and important matter. If thrown too 
strongly it is liable to break the welt yarn and to wear itself 
and the loom out quickly, and it thrown too weakly the loom 
knocks off. Again, the tendency of shuttles to lly out of the 
shed has necessitated the adoption of shuttle-guards to 
protect the weavers. There are two main types of picking 
motions, viz., over and under. The over-pick is the 
‘ sweeter ” and safer, but unfortunately consumes a large 
quantity of picking-strap. The under-pick partakes less 
of the slinging character than does the over-pick, so 
that for the weaving of lightly-twisted weft varns such as 
mohair and alpaca the over-pick system possc.sscs marked 
advantages. 

Beating-up. - Sufficient att('ntion i.s not paid to this motion 
by many loom makers, as the .satisfactory running of the 
loom may largely deiiend uiM>n the satisfactory running of 
the going-part which carries the shuttles, etc., as well as 
the reed. The iroints to be carefully considered arc- sweep 
of crank, length of connecting pin, method of attachment 
of connecting ]un to sword-arms, and the relationship of 
sword-arm connections to crank centre. 



LOOM CO . 
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Letting'OS and Taking-up. —These two nioclianisms arc 
usually worked in conjunction, for what the cloth rc(juires 
must be delivered to it by the warp-beam. Both these 
mechanisms may either be jwsitive or negative, but usually 
the taking-uj) motion is jjositive (.so that the welting of the 
(loth is perfectly controlled) and the letting-off negativ(!. 
The latest form of po.sitivc letting-off motion, however, in 
which the tension of the warp itself regulates the letting-off, 
has ])roved a marked jwactical success and is nearly always 
adoi)ted for heavy wefting. For lighter work and ev(‘n for 
some forms of heavy work the ordinary or special form of 
negative letting-off motion is adopted. The taking-up of 
the cloth woven is almost invariably effected by means of a 
friction or sand roller (which b(!ars upon the cloth luiam, 
and thus turns it by friction at a fi.\(!d rate, m'twithstanding 
its increase in circumference) driven through a train of 
whe,els, the last one, of which receives its movement from a 
jiawl on the sword of the going-part. One or more of these 
wheeds may be changed to give the reejuired nundrer of 
picks in specific cloths. In the best train there is a direct 
relationship between the picks per inch and the teeth in the 
change wheel. 

The Boxing Mechanism.—Boxes are made in two forms— 
rising and falling, and circular. In rising boxes there is no 
limit as to size or number, while in the case of circular 
boxes there is a distinct practical limit in size, and it is not 
as a rule convenient to have more than six boxes to the 
round. Thus, for heavy thick materials rising boxes of 
great size are employed; while for fine cotton, silk, etc., the 
smaller circular boxes are mostly used. 

Looms are made in three forms with reference to their 
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boxes, viz., without Ixixes, i.c., i)lain looms ; boxe.s at one end 
only ; and boxes at liotb ends. In looms with boxes at ono 
end only Iboro are limits in colonriii}', as only double picks 
may be inserted without very sjyeeial arrangement and loss 
of time, while in one most important type of circular box 
there i.s a further limit as to wliich eohinrs m.iv he presented 
on the ])ickinf; plane. Itoxes at one or both sides aie now 
largely cmiiloyed in weaving solid colours to elleeliiallv mix 
the weft yarn and thus guard against stieakiness. 

The addition of boxes to a loom usuallv rediici's its speed 
from ~i per cent, to Itl per cent, and necessitates the pavinent 
of a .slightly higher wage to the weaver. 

The Stop-iod and Loose-Reed Mechanism. I'lain and rising 
box looms are litted with the stop rod mechanism, while 
circular box looms are usuallv litted with the loose-reed 
mechanism. In the stop rod mechanism the reed is prevented 
from coming within le.ss than. .sav. I inches of the fell of the 
cloth, niiless the shuttle i.s in the box, by means of a stop- 
rod which ))lays against a special casting, termed tin* 
“ frog.” As the shuttle normally enters the box, however, 
it lifts this stop-rod clear of the “ frog ” and so the loom 
proceeds with its ta.sk. Should the .shuttle fail to leacli the 
box and stop in tbe shed, llie, loom is knockcd-olT by mcana 
of the stop-rod coming against tbe special casting or “frog,” 
which, in turn, acts upon the setting-on lever and loom brake. 
l’’ew or no warp threads will be broken down, as the reed can¬ 
not get nearer than about 4 inches to tbe fell of tbe cloth— 
a distance which is just judged suHicieiit to save breakage 
of .warp threads when the shuttle is left in the shed. 

In the case of the loose reed mechanism the shuttle is 
allowed to knock the reed out to prevent the reed breaking 
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th(! sliuttic t.hrim;'li the warp threads. To allow of this the 
reed is only lightly held until it is within, say, 2 inches of 
the cloth -when, if the shuttle had stopj)ed in the shed, the 
reed would be forced out and the belt thrown on to the loose 
pulley—after which it is firmly locked for the Ixiat uj). Owiiif; 
to this locking and unloekinn of the reed heavy weftiii}; cannot 
be effected by this mechanism. 

The Weft-fork Mechanism.—In plain looms this is at the 
side, close to the sottiiif'-on handle. It consists of a small 
three-pronged fork jiassing through a grid in the going- 
part, across which grid the weft has to pass. If the weft be 
present it does not allow the prongs of the fork to pass 
through the grid, but, instead, tilts the fork. At this 
nionient a hammer head is drawn back by means of a 
projection on the low shaft of the loom (once eveiy two 
picks), but nothing happens if the weft is there and has 
lilted the fork. If the weft is not there, however, the fork 
is not tilted and a catch upon its extremity is caught by 
the hammer head and the loom thus brought to a standstill. 
Mr. Pickle, of Burnley, has patented a markedly improved 
form of this fork which mechanically may be considered 
perfect, and this cannot be said of the ordinary form. 

The centre weft-fork mechanism—which must be em¬ 
ployed when there are boxes at both ends—acts through 
the weft supporting it present, or allowing to fall if absent, 
a lightly-weighted fork, which, by means of a slide, is 
connected with the setting-on lever. 

The Warp-stop Mechanism.—While the weft-stop mechan¬ 
ism has always been considered as essential to the 
satisfactory running of a loom, the warp-stop mechanism 
has never been in favour, and obviously it can only be of 
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economical valiio in tl)(' case of wcaviiij'It'iidor warjis (when 
j)ossi))l_v it liclps to liicak down threads) or wliere diu* 
attendant looks after a lai do iiumher of looms. AVilli the 
comparatively recent introdiietion of the automatic loom, 
warp-stop methoils have increased in favour, hut their 
ai>plieatiou iu any (hind bu( very plain work is still 
comparatively rare. 

There are two forms placed on the market - the nieehanical 
and the electrical. Tin' chief ohjection to them is the time 
taken in readjustment when drawiiid in a new warji, while, 
of course, it is conceivahle that they may iu all warps 
occasionally caiisi; ends to hreak down. I’ossihlv the 
itreatest advan(a};e lies in that a weaver cannot produce 
an iin])er[ect inece as (he loom will not run with ends 
down. 

The Spooling or Shuttling Mechanism.-This is the 
mechanism of mo.st recent inliodiietion, allhoiioh so called 
automatic looni.s were tried ahont forty years aoo. Ifono 
weaver is to attend to sivteeii or twenty-four looms, it is 
evident that there must he some self-shnltlino arranoeiuent, 
or there will always he some looms standiiif,'. On the other 
hand, the additional loechanism involved may necessitate 
additional attention on the part of the tuner or o\'erlooker 
—u.sually a liieli-wafrc man and hence he will not he able 
to follow ,so many looms. 

In both the wool and the cotton trade the Northrop loom 
(Figs. 40. 48and 19)—one form of the automatic loom is being 
largely adopted. The sjiool ejecting mechanism in the cotton 
loom was brought into jilay by the weft running off, so that each 
change of .spool was accompanied hy a broken pick in the jiiece. 
This broken pick would be a serious defect in cloths other 
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than cotton, no that sonic means to indicate for (he ejection 
of the spool hefore all the weft has run oil must be adoptisl. 

The latest Noithro]) looms necessitati! the winding of the 
weft on to a special spool, which controls the spool-changing 
mechanism through a mechanical feelei. In the weaving of 



Fio. to.—Xm-throp Staiulurd Narrow Cottou Loom. 

thick materials, such as blankets, the employment of large 
spools, which are automatically piled into the shuttle without 
stoppage of the loom, results in a markedly increased output. 

In some few cases the shuttle-changing loom—either the 
Hattersley or the Stafford—is employed. 

Automatic machinery of this type run slowly—aud fre- 




THE rEINcHT.ES OF WEAVINT, 

qnontly without luinch' ftivtn a wonderfully iuerenscd 

output in comparison with the old type of loom. 

The classification of looms is ha-sed ehielly upon the type 
of sheddiiif; mechanism, hut sometimes upon thi' Iio.mh); 
capacity. Thus looms are usually classified as Ta|)pet, 
Dohby, or Jacipiard looms, hut manufacturers of tweeds 
and coloured fanev ^'oods naturally think more of the ho.\ine 
capacity than of the fiouriiit' capacity, as they usually only 
reipiire a four or si.\ thread twill weave, depeiidine upon 
colour iis ii mi'ans of heautifying their fahncs, although, 
of cour.se. the colour is usually ap|)lied to a good sound 
structure. 

The outside trejid Tajqiet loom is most largely employed 
iu Yorkshire for all ria.s.ses of simple interhicings, iiu hiding 
such light weight goods as Orletins, Italians, cashmeres, 
serges, etc. The inside tread Tappet loom is niori! largely 
employed in the Lancasliire cotton trade for all .styles of 
simple cotton fahrics, ami in hroad looms for heavy Yorkshire 
woollens. The W’oodcroft Tappet—a sjiecitil form of hox 
Tappet jiliiced outside the loom framework—is largely 
employed in weaving lietivy cotton fahrics. 

The Dohhy loom—of various types and makes is eniployeil 
in both Lancashire and Yorkshire for fancy styles, which tire 
not floral, hut rtither fancy iu the .sense of being compounded 
of more or le.ss intricati; interlacings. 

The .Jacquard loom is cnqiloyed when elaborate figuring 
is neces.sary, as in this loom from !()(( to 1,800 threads may 
be controlled individually by means of cards with holes cut 
or uncut to produce the required pattern. 

For special purposes combinations of the three tyjics are 

T. 
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fr('((uently im;t witli. fn tappstrics, for pxamplo, the Japipiarcl 
is frp([upntly niountod in conjunction with a Tappet or a 
J)ol)l)y; for skirtinf's Ta|)|)cts and a Dobby arc frcq^ncntly 
combined, wliilc bo.xea may be cm|iloyed in coirjunctioii with 
any and every slicddiiif; cmnbination, sometimes the relation¬ 
ships of Jacipiard, Ta|ipets, and boxes bein}; very complex, 
but really most delightfully controlled; from which it will be 
gathered that the weaver who can perfectly control such a 
cond)iuation is no mean, unintellcctual person, but rather must 
he regarded as a truly matured eraftsman ))osscssing at least 
some of the qualities of the methodical scientist. 



CIIArTER YIII 


Till' ITilNCIIT.I'S 01' PKMONINd ANP COI.nl'ISIXO 

As it is Kui'ei'iilly recoopizoil tliot flin pfirci'iitionof fonii 
pm'L'des that of colour it is inoro (Imn pruliiihlo tliiil llio 
first attempts at woven decorations would take tlie line of 
diaoonals, strijie and clieek elTects, possibly produced hy 
interlaced rushes or hands.' Just as the Norwef^ian 
peasant takes out his knife and carves the wooden wall hy 
the side of his chair so would our ancestors amuse or |irolU 
themselves hy schemes of interlacinKS with such materials 
as were to hand. Thus we can well imat^iite the various 
natural shades of wool such as are indirectly icfened to in 
early Bihlical history for example, alTordiiio opportunities 
for the development of design in form lono hefore artilicial 
colours made their appcsirance. For the sake of variely 
various kinds of materials would next he tried, and .so a 
second factor of interest would he introduced. I''inally, 
the appreciation of colour would ho developed and attempts 
made at colouriiif' the raw materials hy such herbs, elc., 
as were available, or rather of which the colourin" jiro- 
perties were known. For it must have been a Riievous 
thing to the ancients to discover that red poppies woulil 
not yield their colour, that Tyrian pur[)le must he sought 
for in a mollusc and not in the gorgeous garb of nature. 
As has been already pointed out, the inborn love of man for 

* The Scotch plaiil was ori^'iiially ii jilait or posiilily ii iiiiinficr of 
intcrlaccil plaits. 

O '2 
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artistic productions was developed long before the present- 
day economic spirit; hence artistic weaving was developed 
at a very early date and was followed much later by 
attempts, firstly, at quicker production of artistic patterns, 
and, secondly, by attempts to produce goods more econo¬ 
mically and by simpler meins. A relic of this evolution 
is in evidence to-day in the fact that so far as the art of 
designing and weaving is concerned England is absolutely 
indebted to the Continent, nearly everything good coining to 
us from Italy, France, the Netherlands, or (Icrmany. On 
the other hand, so far as economical production is concerned, 
the Continent is indebted to England, we leading the way 
in all power machinery. Curiously enough, America led the 
way during the last century in devising means for the quicker 
production of elaborate styles, as instanced in the, plush wire 
loom and the Axminster carjiet loom. This was, no doubt, due 
to the enormous wealth so raiiidly developed resulting in a 
great call for what might bo regarded as lu.xuries. 

Present-day textile design may bo very conveniently studied 
under its factors-material, interlacing, and colour. Of 
course, there are many varied combinations of two or more 
of these factors, but brief study will prove that these factors 
are really the key to the thorough a])])rehcusion of all textile 
design, and that conscipiently each merits careful considera¬ 
tion. 

Materials.—These brietly are animal, insect, vegetable, 
mineral, and artificially iiroduced fibres or filaments. 
Among the animal ehiss are s|)ceially to be noted all the 
varieties of wool, mohair, alpaca, vicuna, casbmere, camels’ 
hair, horsehair, rabbit fur. etc. 



TiiH i’uin’('1i>m;s (IK i)Ksi(iNi\o ANH rOL(iriiiN'(i i!i: 

A h[)e(.'iul eliiiis is inade nt llio insrct lilirrs, seeing; tliiit 
they arc! so valiialilc and iisefid, and fin llier tlial. from tlie 
lioint of view of eliemieal reaction tlnw cannot (|nit(‘ lie 
classed witli llie true animal lilires. Cidtivated and wild 
silks are the cliief reiaesenlations, wliilo ccrlain ‘•spider’’ 
silks and other varieties of cocoons are continiially making 
their appearance. 

The veoetahle lihres may he di\ ideal into two very distinct 
classes—viz., the lliilly stied hair types of which cotton is 
the principal representative, hut of which various "thistle¬ 
down ” and other tihres keep puttiu}' in an appearance; 
and the stem tihres, such as lla\, lii“mp, jute, china ;,'ra.“s, 
etc. Plants themselves, as notahly the mosses, also are 
sometimes sptin and woven. 

The mineral tihres aia' principally metallic threads, and 
such special minerals as asheslos and silica, which are 
specially ,sputt and woven into fabrics for tire-resistiiio and 
other purposes and in the form of olass for pure novelty. 

The artificially produced lihres incliah! artilicial silk, 
artilidal iiiieu. artificial wool, |iapcr aud, latest of all, some 
oieauic or ciystalhue forms of otliei suhi tance Mauewhat of 
the same character as asbestos, which lately have hccu succc.si,- 
fully produced in (iermauy. 

It shottlil he further notccl in this eomiection that it is 
not sulticicut to simply consider the raw material. 'I’he 
manner in which it has been prepared aud s|)un may 
create ditferences as marked as the dillereuces between 
some of these distinct classes. For e.xaiufile, there may be 
a greater diiTcreiice between woollen aud wor.sted yarns and 
net and spun silk yarns than there is between raw wool and 
cotton. The arrangement of the fibres in the threads ol 
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wliicli a (abi'ie is composed, while not directly alfecting the 
interlacing, may nevertheless indirectly cause the designer 
to adopt specitic styles of interlacing to develop a particular 
characteristic in the resultant cloth; so that it is cus¬ 
tomary to pay particular attention to this apparent detail, 
and especially to consider the conditions of twist in both 
single and twofold yarns. If, tor example, three lots of 
two dO’s black botany yarns are twisted 7 turns, 14 turns, 
and 28 turns per inch respectively, in the woven fabric 
they will show a marked difference. If the yarn be 
black and white twist not only wilt there be a difference in 
texture, but also in the speckled appearance of each lot of 
yarn as it appears in the piece. The direction of twist of 
warp and weft and also in relationship to twill interlacings 
is also very imi)ortant. The reflection of light by yarns and 
fabrics calls for very careful consideration. 

Interlacing.—There are three recognized methods of 
producing fabrics—viz., by felting, by knitting, and by 
weaving. Felt fabrics are essentially fibre structures. 
Perfectly mixed and equalized lilms of wool are super¬ 
imposed one on the top of the other until a sheet, say, 40 
yards long, 60 inches broad, and 4 inches thick, of a more or 
less “ fluffy ” nature, is produced. This under heat and acid 
is hammered, milled, or felted into a comparatively thin 
texture known as “ felt.” 

Knitted textures usually consist of one thread interwoven 
with itself, but there are now' varieties of knitted fabrics 
which do not entirely fulfil this condition. 

The above two classes, although most important, must in 
this work give precedence to the third class, the “ woven ” 
fabric. 




Cutting Wire 


Looping Wire 


Fio. Onlinarv. Ouuzo, atul I’lush hit<*ilucin‘;-», ^tiuight 
thread, curved thread, uud projectmj' ihiuail stiuctuies. 
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Of woven fabrics it is evident that tliere will be three 
varieties, along with their combinations, viz., straight thread 
fabrics, curved thread fabrics and projecting thread fabrics, 
having their representation in the ordinary woven texture, 
the gauze texture and the plush texture respectively. (See 



])lack Weft, I’taia Weave luterlaeiug. 

Fig. no.) There are also certain special styles which do 
not well Cv)mo within the range of any of the above three 
classes; but these may best be considered as exceptions 
after the above three classes have been fully studied. All 
the woven fabrics increase vastly in interest if regarded as 
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“a mass of Iialanciii^: strains." The nilc.ption of this 
altitude results in iik st inleresliii;; developments, espeeially 
with reference to curved thnaid or oanze falirics. 

Of the strai”ht-thread or ordinary fabrics the following' 
variations are to l)e noted :— 

([() Variations in tlie makes of plain cloths. hop.sacKs, etc. 

(h) itib cloths, plain and fancy, in both warp and 
weft dirc'.uion : 

(<■) Twill cloths, 
both plain and faicv ; 

(il) I!ib-twill cloths 
of the “cork-screw" 

t. vpe; 

(c) Sateen cloths, 
warp or weft face of 
various qualities ; 

{/) Crepe cloths, 
the antithesis of the 
sateen cloth; 

(;/) (spotted cloths 

ba. sed on the single 
cloth structure; 

(II) Figured cloths 
based on the single clolh siructure; 

(i) E,\tra warp or weft, or warj) and weft llguiaMl clolhs; 
( i) Itouble cloths or treble cloths for figuring or adding 

weight, or for both liguring and weight. 

In Figs. 42 and 42a illustrations (eidarged) of the chief 
of these varieties are given. 

There are many varieties in each of the foregoing 
classes, but as such would require a treatise larger than 



J'|(. .lO]:.—(l.oizii toiiiiad loitin'' lOioa 
wtiiclia I’l.ioi <'I'llUau'l Welt I'lii-li 
IS Thoiu ii. 
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the present the render is referred to tlie author’s work on 
“ Textile DesiRii,” and to “ Designing for Hliaft Work,” by 
F. Donat, of Vienna (published in German only). 

Of curved thread or gauze fabrics tlie following variations 
are to be noted :— 

{(i) Variation in the number of threads crossing: one 
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crossing one, two crossing two, one crossing Ibrcp, one 
crossing four, etc.; 

(/)) Variation in the number of picks grouped together 
and in the manner in which they are grouped together by 
the crossing threads (see Fig. iV2 ami 52 a) ; 

(r) Variation in the yarns—thicknesses, colours, etc.— 
woven together (see Fig. 52i)); 

(d) Variation in the crossings—leno, gauze, plain — 
which may be woven together; 
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(e) Variation in ligiiring by various gauze or gauze and 
ordinary interlacings (see Pig. .’iOn); 

(/) Variation by the introduction of extra materials 
(see Pig. 52c); 

(//) Variation producible by employing double-gauze 
structure (see Pig. 52i)); 

(/() Variations by combining gauze and pile structures. 

Again, each of these classes has many varieties which 
cannot be dealt with here. 


■ 1 . 



Fio. filA. -l, Wi'tt-baok ; anil j, Doiiblo rlotli Intorlacings. 


Of projecting thread structures usually termed “pile’’ 
fabrics the two great varieties are warp and weft piles. 
The former, as will be realized by referring to Pig. 53, are 
formed by pulling up the wnrp out of the body of the cloth 
during weaving, usually by means of wires, to form a 
brush-like or “ pile ” surface. The latter are formed by 
floating certain picks over the surface of an otherwise 
firmly-woven piece and then throwing these floats up as curls 
by shrinking the ground texture or as a cut pile by severing 
these floats either in or out of the loom. In this latter 
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/ crossings 2crossing 2 

Fia. 52.—Four Varieties of Simple Gauze Crossings. 
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j2A.— (Iiiuze Stiuclm-p with flrouiiinj' of the Pioko as tho 
t'liaractoi i.-tic Eoaturo. 
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Fio. o2b.—G auze Structure with Fancy Tarn Introduced* 
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cabO 8onie inosl useful (vpes of pile fiibries are olitained 
—fustians and corduroys for example—by distribiitiiij' or 
coneentralin^; the pile on certain sections of the elolli by 
the suitable arraiif'ement of the positions where ibe lloatinj; 
picks are boiiml into the fabric. 


Of pile fabrics the followiiif; varielies are to be noted - 
I’K-k., 



I’lo. .I'Jc,- lliiatilf Wi'ft Ci:inyc. 


(a) Variation in den^-itv of pile, so tlint the Kroiiiid 
lextiire may show tbroiii,di or may be conniletely bidden ; 
(/<) Variation in leiiRlb of pile; 

(<•) Variation by the use of cut and loojied jiile-tlin 
dilTerence between the same coloured yam eat and looped 
being ample to design with (see Fig. oOc); 

(d) Variation in the form taken by the cut, or loo])ed, 
or cut and looped piles, such as stripes, checks and figures. 

Perbai)s in this class a s])ecial section should be devoted 
to varielies of piles produced on the “double-plush” 
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principle ns illustrated in Fig. 54 ; but as these generally 
speaking lend themselves to the same variations as the 
other pile fabrics already dealt with, they are considered 
together. There is no single work which fully treats the 
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FlO. 52 p.—T) ou1tlo Oauzo Tntorlfinn;*. 

three sections of warp piles, weft piles and double piles; hut 
the work of Donat already cited may he consulted with 
advantage. 

The Use of Point-paper.—To facilitate designing s(juared 
or point-paper is employed Briefly it consists of sp.ices 



]'’i(i. jj. —Two Tjpoa of I'llo I '.ilini H. 

longtlnviso, nipreseiitiiig warp tliniads, and spacos cross¬ 
wise represcnliiig weft tlireads, or “iiiclis,” as llicy aro 
termed. 77iis ya/pcc iiiimt not hi' iriiunli'il an xn iiiiiini xqiiiiiix, 
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Fio. oj.—Example of the Eeiiroseiitation of Simple Interlacings on 
I’oint or Square Paper. 

but as warp tbreads—say of a while material—under which 
lie so many weft picks—say of a dark material. Ihen 
whenever weft is required to come over warp, that part'cular 
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seelioii—iM Ihin cau a (.'(/((an —is miirked lilacli. Tims to 
llic well-versed lexiile designer the imiiU-piper weiivo does 
’airly correctly represent the actual aiii)eiir,vuce ot tlio 
cloth, althoiish it is ohvioiis that such weaves must he 
viewed through the eyes of the designer's many and varied 
exiierieiices. To further elucidate these somewhat hrief 
remarks six examples of iiilerlaeing, with their respective 
paint-paper plans, ari' giten in Fig. So. 




Tjo. .’>().—Kxainplf* of tin* llfvcrsin^' of Piith-rti flm* to Dofoctlvo 
tinuliii;' of t'olour Jtango. 

Colour.—Colour may obviously he ap|)lied to all tho fore¬ 
going fahrics. So suhtleis the colouring ot textiles that tho 
designer well versed in the colouring ot one class of goods 
may, nay, prohahly will, he nnsuecessful in the colouring of 
another class of goods. 

In the abstract colour,s should he tipportioned to the fabric 
for which they are designed; they should he appropriate and 
artistic in themselves if solid shades, and in their cornhina- 
tions for multi-coloured styles. Note should also be made 
that colours cannot be considered irrespectiveof luminosities, 
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black 


Red 


Orange 


Ye!I aw 


Green 


Blue 


Violet 




Fiq. 57.—Illustrating the Grading of Colo\ir llnnges to obviate re* 
versing of rutteru. 
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80 tliat ill every colour scheiiie tlie (wo features, colour and 
luminosity, are really brought into jilay. 

From the practical jioint of view the first con.sideration 
•should be the fastne.ss of the colours seliH^ted to tinishiug. 
light and ordinary wearing conditions. This is usually 
ensured by conducting an actual seouiing lest under si'vere 
coiulitions and by expo.sing to .strong sunshine for a delinite 
jieriod. 

The organiaition of graded ranges of shades and tints of 
correct tones and intensities is the ne\t inipoitant factor. 
This will b(‘st be etfected by basing the ranges selected upon 
the tints, .shades and tones of the spectrum colours. It is not 
nece.s.sary that a coni|ilete range, of spectrum colours shall be 
represented. If, for instance, greens are fashionable, the gieeti 
tints, shades and toms niav at least predominate in the .selec¬ 
tion, and so on according to the ]irevalent taste, in colour. 
In order that the reversing illustrated in Fig. bti may be 
avoided it is very desirable that the ranges of shades should 
be organized upon the lines illustrated in Fig. 'i7 from which 
it will be gathered that so long as the designer takes, say, his 
ground colours from the same grade of darks and his checking 
colours from the same grade of lights the reversing of the 
pattern illustrated in Fig. oti will be, impossible, and hence the 
sjioiling of, say, a range ol eight patterns by one of the eight 
being accidentally reversed will be avoided. A sjiecial method 
of scheming colours is shown in Fig. oTa which ujion the whole, 
is one of the bc.st ever devised. Three colours (a, b and c) 
are each graded with white, or with black; or, as in this 
figure, with white, mid grey and black. Each colour keeps 
to its own circle and the crossing ol its circles gives the mixing 
of the colouxs. 
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By .some such organization of colours as one or other of 
these the designer will find that not only can he do with about 
half the shades he would otherwise require, but he will also 
find that his ranges of colours actually inspire him to design. 
Some of the French pattern firms supply magnificent ranges of 



Tio. 'uA. —Duij'rain illustiating the Effect of Alixing 
Three Colours in var\iiig Proportionai. 


colours which the textile designer should always have by 
him, as such, even if not of direct use, tend to guide one 
into good methods, and good method in textile design and 
colouring results in economical production without any 
real suppression of the artistic feeling and instinct of the 
designer. 

Figure Designing.—This involves a two-fold qualification, 
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viz., the qualilication of the artist to create artistic forms 
and patterns, and the qualilication of tlie clotli constructor 
not only to render in tho fabric the patterns dosijjncd, but 
rather to (luallfy the artistic qualilication so that the limits 
of textile desij>;n may be taken as an inspiration rather than 
as a limitation. 

Brief consideration of tho fact that woven fabrics are 
composed of tbreads at rij;ht ani'les to omt another will 
result in the limits of textile dosinn beinj; fully rcahzcd. 

In designing for figures any of the structures mentioned 
on p. ‘lol may bo employed; but as a rule the, designer 
will be given a typical foundation fabric to design to. Tho 
usual limit for the Lancashire and Huddersfield design is 
about 400 threads, i.c., a cloth 100 threads per inch, about 
a 4-inch pattern. Bradford, however, largely employs a 
jacquard liguring with 000 threads, while Belfast and some 
of the silk and tapestry districts figure up to 1,‘200 or l,HO0 
threads by any required number of picks. 



CIIArXER IX 


TiiK niiNcirriHs ok kinisfiino 

Aiosr fabrics iiro soiiicwliat nncoiiUi ami iinsalisfactory 
as taken from the loom. Some few, sueh as various silks 
and a few cotton styles, are not markedly changed by the 
subsequent linishing; others, such as woollen fabric.s, are 
so changed that it is difficult to believe that the harsh, 
unsightly fabric taken from the loom can be so changed— 
so improved- by a few simple finishing operations. 

Finishing may lie varied in tliree marked ways. Firstly, 
it may be applied with the idea of making the best of what 
is present in the cloth under treatment without the addition 
of any so-called linishing agents; .secondly, it may princi- 
1 ally consist of adding a linishing agent or “ filler ” to the 
fabric, the fabric being merely a foundation to hold the 
“ filler ” together; and thirdly, a combination of the two 
foregoing ideas is possible in which the nature of the fabric 
is suitablv fortified with a not undue allowance of some 
suitable “ filling ” or " W'cighting ” agent. 

In the first class come most wool fabrics, in which the 
nature of the wool is, or should be, fully developed by 
suitable siiinning and twisting, suitable weave structure 
and suitable finishing. The perfect wool te.\tpre is only 
producible by full deference being paid to all these factors. 
Rut even in the various all-wool goods a marked difference 
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is observal)l(‘. Tin' typical woollen cloth is a cloth made 
in the Hnishmj;. The typical worsted cloth is a cloth made 
in the loom. Hut between these c.\trcmes thcic is cverv 
grade imaginable, from the worsted-.serge or vicuna of worsted 
war]) and woollen weft, with a pure woollen limsh. to the 
ty])ieal West of Kngland woollen with almost a worsted linish. 

Jn the second class come certain cheap eaheoi's. and of 
late eertain cheap silks, holding a verv large percentage of 
filling. Little e.xecjption can be taken to the eaheoes. They 
are sold for what they are. and no one is taken in. With 
the silks, however, it is ipiiti' otherwisi'. 'I’he goods in (piestion 
are sold as silks, and no reference is imnle to thi' perceiitagi' 
of filling, whieh is .sometimes truly a.slonnding. Sometimes 
the silk sjiinner or mannfaetnrer iiiijio.ses upon himself. For 
e.\am])le. a silk spinner gives instrnetions for his yarns to be 
dyed and loaded-np. say. Id jier cent. .\ow this yarn in 
dhscharging may lose lid |ier cent.; so that if the spinner 
gets back for every Hid lbs. ol grey yarn I Id lbs. of dved yarn, 
the proportion of tilling to silk is An 7d : 7d. or Idd pi'i' cent., 
although it may only be stated at Id jier cent. The ease 
with which silk can be loaded or filled has enabled unsernjmlous 
silk merchants to take in an all too trirsting public. The, 
filling of silk goods has been earned on to such an e.xeess that 
there is now a .strong reaction against, it. 

In the third class come some few wool goods ami a large 
variety of cotton, lini'ii ami silk goods. Few wool goods can 
be improved with a filling agent. Meltons and heavy milled 
cloths may perhaps be improved by a stiffening agent in their 
interior, and the necessary weight, but no extra value, may 
be added to worsted coatings by such a weighting agent as 
chloride of zinc. These, however, may be taken to be the 
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fixcoptions which ])r()ve the rule. Most cotton goods arc 
improved and rendered more sightly by either adding filling 
or by smoothing down the size already present in the warp yarn. 
The agents emj)loyed in cotton finishing may be classed under 
the heads:—(«) Weighting agents ; (h) stiffening materials ; 
(c) softening agents; {d) waterproofing tnatcrials; (e) fire- 
j)roofing mat(^rials. Linen goods specially lend themselves 
to, one might almost say, “ showing-off ” a filling agent 
“ starch in fact, it is (juite questionabh! whether the goods 
shoidd not be ))laced in the second class. Some certainly 
should; others are not abnormally “ filled.” Silks, being 
frespiently woven in the “gum,” must bo dLscharged in 
finishing; but it is probable that the presence of a small 
amount of silk gum in the bath and on the fibre is necessary 
to preserve the best characteristics of the te.xture under 
treatment. 

Finishing Processes and Machines.— As many processes 
and machines arc common to all the recognized fabrics, such 
maybe described generally prior to a particular de.scri|ition of 
the finishing operations ncccs.sary for rcjiresentativc fabrics. 

Mending, Knotting and Barling.—This consists in rejiairing 
the broken threads and jiicks nearly always present in the 
fabric as it leaves the loom. It is also advisable to mend pure 
worsteds after scouring, as the faults are then more easily 
seen. The mending wage for fine worsteds is frequently equal 
to the weaving wage. Knotting and burling are also carried 
out at this stage. 

Scouring .—This consists in thoroughly cleansing the 
fabric pripr to proceeding with the finishing proper. 
Certain cotton, cotton and wool, and silk cloths are so clean 
on leaving the loom that the finishing proper is at once 
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proceeded with. JIany wool f;oods, howovor, must he 
scoured fairly clean in what is known as the “ dolly " 
or on the live-hole niachine, heforo they will satisfactorily 
take the finish for which they are dcsii'iicd. Ajjain, colours 
runnino in the scoiiriii" may often he scoured out, while 
if left in tor the millin'! they will Iruly “hiced" and 
permanently stain the nei^hhourinr! threads and picks. 

Millimi .—This operation is equivalent to liammerinf; or 
scpieeiiin^' the clotli until it has attained to a siiHicient 
solidity. Wool only of all the textile lihres fells,” as it is 
termed, so that this operation is practically liinileil to wool 
or wool coinldnation soods. 

Two machines are emplojed to effect the reipiireil feltin'', 
yielding somewhat dill'ercnt results. The milling stocks, 
imitating the original treading action of the human feet, 
hammer the cloth (which is placed in a holder or receptacle 
so shaped that the falling of the hammer not only “ mills ” 
or “ felts ” hut also turns the cloth round so that its action 
is evenly distributed over all its surface). The action of the 
slocks is obviously of a bursliug nature, giving “cover ”on 
the fabric. 

The “ milling machine " works on the squeezing basis, 
the cloth to be milled being squeezed up in lengths or in 
width or both according to reipiirements. This machine 
not only gives a more solid cloth, hut also enables the miller 
to control the width and length and consequently the 
weight per yard. 

Crabhia,'/.—This is an operation based upon the fixing 
qualities of wet heat as applied to various textures, and upon 
the desirableness of the first shrinking and consequent 
setting of the fabric being very carefully controlled. The 
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fabric to Ite " criibl)ed ” is wound dry and porfcctly level 
on to a roller and then under tension wound on to a 
roller running in hot water. From this roller the fabric 
may be run to another roller under similar conditions. 
There are various forms of crabbing machines, but the 
factors are always the same—wet heat and tension and 
weight. 

A very useful but somewhat dangerous machine is used 
for finishing certain cotton warp and wool weft goods, con¬ 
sisting of four or live rollers running in scouring and 
washing-off liquors, round which the fabric is passed, 
followed by a series of drying rollers, so that the fabric in 
a sense is continuously scoured, crabbed and dried. This 
machine is dangerous in that “crimps ” are not eliminated 
as in the case of true crabbing. Of course this machine 
may be employed in conjunction with the crabbing machine 
when the above objection does not hold. 

A special crabbing machine employed in the woollen and 
worsted trade simply arranges for steaming while the fabric 
is being wound on to a true steaming roller upon which the 
fabric may be steamed and cooled off; or it may be wound 
on to a roller for “ boiling ” if necessary. 

SteaiiiiiKj. —If the fabric is to be steamed it is run from 
the last crabbing roller on to the steaming roller—a hollow 
roller with a large number of holes pierced from its central 
tube to its periphery—so that steam may be blown right 
through the piece. The piece is usually re-wound the reverse 
way and re-steamed to ensure level treatment. It is then 
allowed to “ cool off.” The basis of this treatment appears 
to be a “ setting ” action, owing to the great heat employed 
no doubt partially dissolving or liquefying certain of the 
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constittients of tho wool liliro, wliicli re set on cooliiif! ilown. 
Prolonged steaiiiiiig undoubtedly weaki'us wool tibres. 

Dycitift—From ii nieclmnical point of view dyeing niiiy 
be conducted on eitbev the “open widlb" or “rope" inetbod. 
Cotton goods, tor example, must be piece d\ed on tbe 
“jigger" full width it level shades are to be, obtained, 
while wool goods are usually satisfactorily dyisl in rope 
form. There is no satisfactory theory for this, but practi¬ 
cally, as fact, it is a most im|)ortant matter. Mer<!eriz(!d cotton 
has such an allinity for (ld‘S that the utmost dilliciilty is 
experienced in lindiiig a restrainer to ellecl the even di.s- 
tribution of the dye in light shades. Without soiinM estrain- 
ing influence the lirst few yards might lake up the whole 
of the colouring matter. 

Most goods must be opened out after dyeing, as if 
allowed to cool in a creased stale they retain tbeir creases. 
The point here, to note is that to lake out a crease it requires 
a greater heat than the heat at which the creasii was put 
into the piece. 

llrt»/ii)i/;-o/.—This is a siinphi operation to ensure that 
all the unfixed coloming matters, etc., are cleaned out of 
the piece. As the action is mechanical, cold water may be 
employed. 

hnjiny .—This is usually elfceted by iiassing the fabric 
round a series of steam-heated rollers. Owing to the way 
in which the fabric is wrapiied round these rollers it never 
rests for long upon one roller, so that it cannot be burnt; 
again it is wrapped alternately face and back upon the 
rollers, so that it is really dried in the shortest possible 
time. In goods which may be worked by a straight pull 
on the warp either horizontally or vertically arranged drying 
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rollers are ample; I)iit if any extension in wkltli is desired 
a tentering machine must be cm])loyed. As previously 
explained, these drying rollers are usually arranged in con¬ 
junction with another ojxiration—say, continuous scouring 
and crabbing. Of late there has been a iTiost marked tendency 
to hot-air dry. 

Tentering mid Drging.—Thia consists in holding the cloth 
tightly in the warp direction and widening it in the weft 
direction. To effect this the cloth is pinned by hand on to 
two continuous tenter chains, which as they carry the cloth 
into the machine gradually incnsise the distance between 
them, thus tentering out the cloth. The give ” of the cloth 
is ])robably due to three factors, viz., giv(! in the fabric struc¬ 
ture, in the thread structure, and in the fibre itself. Obviously, 
unless th(! cloth is “ set ” in this position it will more or le.ss 
shrink after tlu' process. To effect the setting the cloth must 
b(“ fed into the machine damp; in this condition it must be 
widen(?d or straightened out, and then in the widened out 
condition is must be dried. In the. most approved tentering 
machines the exjianding chains carry the fabric over gas jets 
or steam-heated pipes which just supply tin; necessary hciit 
for drying. A steam-jet pi])e is also provided to dam]) the 
cloth just ])rior to or during tentering to give it the necessary 
j)la.sticity. In the enclosed “ steam-])i])e ” lv])e of machine 
the efhciency of the machine is often im])aired by the difficulty 
of getting away the hot moisture-charged air, but as drying 
largely dejamds u|)on this and not so much upon the heat 
dcvelo])ed, this must be done if eflicient and economical 
working is to be attained. 

It will be evident that goods “ tentering out ” will have 
a teudeucy to shrink. Loudon tailors are credited with 
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always testing the natural shrinkage ot these goods hy folding 
them with a thoroughly wetted and wrung out rloth for a day 
or two, and then noticing the shrinkage whiidi has taken iilaee. 
Goods so treated are spoken of as “ lamdon shrunk." .Machines 
are .specially designed to “London shriidc " goods snluuitted 
to them. 

Brmhimi and Rtiisiiiii. After .seonriiig. milling, etc . most 
wool goods and some few others present .1 very irregular face, 
neither clear nor yet lihrons. If a clear face is desired the few 
lihros on the face must he rai.sed as niueh as po.ssihle in ordiT 
that they may he eropjied oil in the cropping or entling 
o])eration which follows. To elfeet tins the face of the fahrie 
is regularly presented to the aetion of a eirenlar hrieh or to 
the action of " teazles.” 

Should a iilinms face hi' desired leehiiie.dle termed a 
“velvet” face the fahrie. must he raised wet on what is 
termed the “ raising gig " from head to tail, from tail to head, 
and across it jiossihle, to obtain a sullieiently dense lihre, 
naturally .somewhat irregular in length. 

The “raising gig” jiroper carries teazles, which without 
damage to the foundation of the fabrics siihiiiitled to them 
raise a sufliciently dense jiile. For llanneleltes and somi' other 
goods a stronger machine, is reipiired ; in this ease wire teeth, 
specially consiructed and specially applied, take the place of 
the teazles. This machine is known as the “ .Moser," and may 
be designed to wrap in the ]iile which it. raises. Teazles 
them.selves vary niueh in raising ipialities ; and the c.'iiierienceil 
raiser knows this and takes advantage of it. 

Cropping or C'aHiar/.—To obtain a jierfee.tly level face 
on fabrics they must be submitted to a “ cropping ” or 
“ cutting ” operation. Formerly cropping was more or less 
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eiriciently done with large shears, but to-day much better 
and more aceurate work is done by the circular “ cropper,” 
which, working on the principle of the lawn-mower, may be 
set to leave a pile of any required length, or if desirable to 
])ractically leave the fabric bare. The cutting action is due 
to the combined action of the fixed bed over which the cloth 
pa.sses and the spirally arranged revolving blades. 

iS'irtrjfcmj.—Some fabrics, such as Alpacas, Mohairs, etc., 
are required to have a clear lustrous face such as no cropping 
machine can possibly leave. Singeing must here be re.sorted 
to. The fabric to be singed is quickly |)assed face downwards 
over a semi-(!ircular cop))er bar heated to almost white heat. 
The speed of the cloth naturally decides to a nicety the amount 
of .singeing effected, but to avoid damage to the fabric a quick 
.speed is usually adopted and the fabric passed over, .say, six 
times. Gas singeing is not extensively applied save in 
genapping, i.e., singeing and clearing braid, etc., yarns. 

Pressing- By means of the hydraulic press great weight 
may be put on to fabrics, and they may thus be more or 
less permanently consolidated and in some eases lustred. 
Heat may be a))plied in the jness, thus aiding in the fixing 
of the fabrics under treatment. 

I’ress('s are ])ractically made in three forms; ordinary, 
intermittent, ami continuous. 'I’lie ordinary press simply 
receives its charge of cloths in the ordinary cuttled form, 
heat being introduced through the exjmnding or contracting 
])re.ss-plates separating individual pieces. Press papers are 
placed between the cuttles of the pieces to form the surface 
against which the fabric is pressed. In the latest form of 
this press the pre.ss papers enclose electrical resistances which, 
upon being connected up, heat the fabric while in the press. 
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This press has a temienov to ehttijiate tlie falirie, Imt a line 
“ ironeil " snrfaee may be abtaineil l>y its use. 

In the intermittent form aboni live vards is treated at onee. 
suitably jiressed and held stationary in tlie lieated machine 
for, say. a minute, and then aniomatieally moved on so tlial 
the ensnmji section of the fabric may lie treated in like manner. 

In the eontimioiis form the pressing is eontimimislv elfeeted. 

The time factor naturally \anes in all three forms, and is 
naturallv the factor which decides whii’li is the most ellicient 
machine tor particular classi's of oddds, 

('iileti<li‘riii<i Tins operation sinipiv eonsisis in pa.ssino 
(roods tliroiiirli hravilv wei;>lited and il desirable heated 
rollers wliieli it is found break or rendi r less " eakv " fabrics 
passed throiiL'Ii them. The jirobable action is to distribute 
riiriditv or sobdit v. 

Schrfincniiii. This oper.ition cotisi.sts m |iassin(' siiilablv 
constructed cloths between a pair ol .solid heavilv weiolited 
steel rollers, one of wineli has a plain |ia|iier-niaclie surface 
and the other is riileil with e.xtrenielv line lines fioiii Hit) to 
500 to the inch. The ellect. on the pii'ce is to develop a 
realfv wonderful lustre sjiecially applicable to mere<'ri/.ei| 
cotlon (roods. 

Filliiifj.- Xa alreadv reniarkerl, il, may lie ilesirable or 
nocessarv to .slilleii .some (roods to increase their utility. 
A('ain, some goods are " filled " simply to attain a desiied 
weight. 

Scap nr other agents may be cracked in piei.es or the pieces 
may be definitely impregnated with .some such agiuit as 
chloride, of zinc. It is hardly lu-ces.sary to add again that 
filling is rarely legitimate. 

Comlitionimj. -After fabrics have passed through a process 

Q 
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involvinf; thi’ application of dry heat -such as singeing—they 
are unnaturally dry, and as a consequence may be very weak. 
To give back the natural moisture, goods in such a condition 
arc passed through a machine which “ .sprays ” them and 
thus causes the fabric to quickly regain the moisture and often 
the strength lost. 

The foregoing are the principal operations in finishing. 
The secondary operation such as hydro-e.xtracting, burl¬ 
dyeing, extracting, etc., are of such minor importance that 
there is no need to specially refer to them here. 

Wnifrproofing.—Fdhncs may bn rendered waterproof in 
three distinct ways. Firstly, the fibres of which they are 
cnmpo.sed may be rendered moisture-repellent, as, for instance 
when wool is subjected to the action of superheated steam. 
Secondly, the fibres may be charged with a water-repellent 
std).stance, which thus prevemts the passage of water save 
under ])ressure. Waxed fibres, for instance, possess this 
characteristic. Unfortunately oil is hygroscopic, and rather 
helps the fabric to hold water. In these two cases the surface 
tension of the li([uid which endeavours to pass through the 
fabric jdays an important ])art. Thirdly, the fabric may 
be, ‘‘ ])laste.red ” or entirely coated with some such agent as 
india-rubber. Aluminium comjmunds and waxes arc also 
most successfully employed. 

All three methods are em])loye(l, and there are, of course, 
combinations which arc not jireci.sely one or the other. 

Fireproofing .—Cotton and some artificial silk goods arc very 
inflammable, and it may also be desirable to render other 
goods less inflammable. The agents em])loyed are such salts 
as upon a rise in temperature melt and cover the material to 
be protected. 
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General Notes. To oivc on iili'u of how the forogoinj! 
ojn'rations iiro iipplii'd in tinii-hiiij; spccilic types of fal)rics 
the six follottinj; lists are niveu 


I.KS rHiTH 

(All \\uo\ ) 
iVrrhintr. 

Mi'mlinu, Umliiif;. i ti-. 
Soapiii)^. 

Snmrmj;. 

Milling (Stork"). 

Miltmf; (Miirhuir). 
\Va"hiiiji-ofT. 
Hytlrooxliftrtjnii. 
Tfutrrmf; ami iJniiii: 

ami IVwinu. 
Uaisiu}; (if R'i|uir('il). 
(’roi»|nn}». 

Brushing and Str.iining. 
(luttmg. 

])('winK. 

Prrssing. 

StcammgtifT. 

(’>o|(l flatting. 

(Jultlmg. 


WoKsTKIi ('lorn. 
(All W.H.I.) 

I’civhing. 

.Mending. Burling. I ti. 
('iai»l*mg. 

Soaping. 

Seoul ing. 

Memling. 

Light Milling. 
Wadiing-itlT 
ll\dio-e\tr.u ting. 
'IVnlering and hi\ iiig 
Brushing and Steaming 
(’ro|»ping. 

Hnislnng. 

Ury Steam Blowing 
ilnislung ami Steaming. 
Tivs'ing. 

Sleiitmng ofl. 

Cold Klatling. 

Ciittling. 


LiMMi lAimn' 
(Cotton and WihiI.) 

Seuing (Hat w'luii'i). 

Winding on to roller 
priitr to tVahlung. 

Kiiniiing on to Crahhmg 
Boiler. 

Bunnmg fioni Craldnng 
Bidler to Steam 
B-tller. 

Sleammg. 

hrung. 

Singeing (aiHiiii four 
limes). 

Souring (wool). 

|)\elllg (wool). 

t)ollyiiig. 

’i'litowiiig. 

Bttllmg on to Sleammg. 

Boiler. 

Steaming. 

Drying. 

Singeing (tune). 

Dollying. 

Hytlro extraelmg. 

Drying. 

'renleniig. 

Bress Bajiering amf 
pR'SKing. 


Disks Faiirh ' 
(Staiidan! Style.) 
lame-lioilmg. 
WiiHliing. 

Souring. 

Wahhiiig. 

IkI Lym iHiil. 
WaKhing. 

Clieiniemg. 

Washing. 

Souring. 


Sm,k rMiiin * 
(Net Silk.) 

Singeing or (’ropping 
Dif*eharging and Wa«li- 
mg. 

Prying 

Cyimdering. 

Damping, or 
Dreaaing and Singeing. 
Calendering and lais- 
tring. 


CoiTov l-Aiiitn.t 
(Calieo ) 
Singeing. 

Souring, 

Wuslimg. 

Saturating w'itli ('austie 
Sofia. 

Kier Boiimg. 

Washing. 

(Hiemieing. 

Wu^luiig. 


1 Tliesc details are supplied hy Hpeiluli«,1s in the respeefise hran'dien of 
the mdustiy. All arc preceded by u|ieratiuns equivalent to Mending, 
Butlmg, etc. 
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Cotton pAnnic.^ Linen Fabrk .* 

(Calico.) (Stfliidard Style.] 

Souring. Wanhiiip:. 

WoHhin^. 2inl Iao! boil. 

Squecziiiif. Wawhmj?. 

Mangling, (imsMing. 

IJryIng. (’Iicmicing. 

Filling. Washing. 

Drying. Souring. 

Damping. Washing. 

Stretching. Scalding-^ 

Ih'idling or Calendering. Washing.* 

3Iakiiigiip. Chcmicing.* 

Washing.- 
Souring.* 

Washing.* 

Scutching. 
Water-mangling. 
Starching and blueing, 
lieetling. 

Breadthening. 
(’alendering. 

UppiiiK. 

The torefjoiug lists seem fairly comprehensive, hiit in 
reality they by no means convey a complete idea of the 
many different styles of finish. For woollen cloths, for 
example, some half-dozen typical and distinct finishes could 
be cited, and the other styles are by no means without their 
varieties (see Fig. (12 f). 

There can be no doubt but that more attention to the 
effects of “ finish ” is much to be desired. To thoroughly 
demonstrate the influence of each specific process the be.st 
method is to pass a suitable length of fabric through the 
necessary or desirable operations, and to cut off, say, a yard 
length from the fabric after each operation as a reference. 
Thus for a piece-dyed Botany coating reference lengths should 

* These details are supplied by specialists in the respective branches of 
the industry. All are preceded by operations equivalent to Mending, 
Burling, etc. 

* These processes must be varied in accordance with particular require* 
meats. 


SitK FMmir.' 
(Net Sillt.) 
Rolling or Plaiting. 
I’ressmg. 
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be proservi'd of («) wiirp juid weft: (It) jiiv.y olotli; (r) scoured 
cloth; (tl) milled cloth; (c) dyed uiid teiitered cloth: 
(/) raised cloth; (;/) cut cloth: (It) steamed elolh : and 
(/) pressed cloth. The record of all the fore;>om)' reference 
sani])les shoidd include (1) counts of warp and weft; 
(2) thnwls and picks per inch; (iS) length and width; 
(4) weight; and (o) strength. 



CHAPTER X 


TEXTILE CALCUHTIONE 

In a general sense most textile calculations have, and 
should have, reference to the ultimate cloth produced. 
It is true that there is a distinct “ wool ” trade, a distinct 
“top” trade, and a distinct “yarn” trade, each of which 
is in a sense independent of the cloth trade. It is never¬ 
theless olivious that all nomenclature, designation and 

indication should bo on some basis <- 1 - -» 

readily understood and easily applied lo* Yarn SThrtada 
by the cloth constructor. 

Unfortunately the “science of cloth 
construction ” was developed so late 
that not one but many cumbersome jg—niustrat- 
raethods bad long been firmly established, Settiiig 

so that to-day a considerable portion of tho Weights of 
the designer’s and cloth-coster’s time is I’librics. 
wasted on calculations which, with full cognisance of all 
possible conditions, might easily have been eliminated by 
the adoption of convenient standard systems for counts of 
yarn, sets, etc. 

Starting from the cloth it is evident that the most useful 
designation for yarns would be in fractions of the inch (or 
of a decimeter). Thus I's yarn would have a diameter of 
1 inch, 2’s of i inch, 3’s of i inch, 4’s of ^ inch, and so on. 
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or that 1, 2, H, 4, etc., tliread.s iiiiKhl he laid side hy side in 
an incli. Tlio " set” calculations for cloths on this basis 
would he very siinide. On this basis, as shown in Fif,'. 41), 
with plain weave, a lO’s yarn would he set live threads per 
inch, a ‘20's yarn ten threads per inch, and a Id’s yarn 
twenty threads per inch. Moreover, on this system, the 
weight of the cloth would vary in inverse proportion 
to the counts, for, as shown, the cloth with ‘20's count is 
half the thickness or weight of the cloth with tho lO’s 
count, the cloth with lO's count is half tint weij^ht of the 
cloth with 20's count, and iiiv icrsd. If the lO's count 
cloth was a ttO oz. cloth, the ‘20’s count cloth would he a 
15 oz. cloth, and so on. Aeain, the “ .sets ” or threads per 
inch and picks per inch for any f'iven weave or interlacino 
would he simplicity itself.’ As show n in Fij,’. 5il, for example, 
the thretids and picks per inch would he— 

Counts of yarn X threads in re|)(‘al of weave.’ 

Threads + intersections in repeat of weave. 

‘2 

Thus with a OO’s yarn in “ — ^ twill the set shoidd he— 

—= 10 threads and iiieks per inch. 

Of course the practical desiirner would slightly vary the 
set in accordance with the material he was usiii},'; if rouf'h 
and slackly twisted he would probably put IIB threads per 
inch, while if smooth, compact and hand-twisted, he mifrlit 
put 42—44 threads and picks per inch, lie would also 
probably take into account the effects of finish, and, of 

> This is a faii'ly awioale a]i]ii()Xiin!itii]]i for (inlniiirv fahni s in 
whiili war|) unit weft bcnil oi)UiiUy. Nulo that it is only uiJplieablo in 
this foim if count eiiuals the diameter of the yarn. 
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course, the handle of the ultimate texture 
ho hoped to produce. 

Unfortunately this .simple .system is 
(piitc out of count, iirstly, because^ yiirn 
counts designate length and not diameter; 
and secondly, because yarn and set mimbera 
vary in different localities. 

Undoul)tedly in the (eirly days of the 
textile industry yarns were s]um very 
irregularly and to unknown counts in any 
and every denomination. Then the idea 
of s])inning a definite weight of wool, say, 
G lbs., to a given length of yarn, so that 
a given length of ])iece could be got out of 
it, would impress itself upon the more 
thoughtful spinners. Thus the Leeds 
“ wartern ” is (i lbs. fn Yorkshire “ war- 
tern ” is derived from a ([uartern of the old 
‘21-lb. stone, and if the yarn was spun 
to L.bllG yards, or 1 yard per dram, it was 
called I’s count, if to '2 yards ))er dram, 2’s 
count, and so on. In most localities, how¬ 
ever, the unit of I lb. would be naturally 
adopted as the weight. Unfortunately there 
was not the same unanimity with reference 
to the length. To number 1 yard to 1 lb. 
I’s count, 2 yards to 1 lb. 2’s count, 20 yards 
to 1 lb. 20's count would be out of the ((ues- 
tion, as a very thick yarn would then have 
250 as its number, and a fine yarn, say, 
2,500 as its number. To reduce this count 
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number to tliinkable ami workable ])ro|Mirlions, in some cas(>s 
the weight was reduced,* and in otliers the system of " liaiik- 
ing” was resorted to. But tlie localized character of the 
various industries unfortunately resulted in a varying weight 
and a varying number of yards per hank being adopted. In 
mo.st count systems the hanks per lb. (avoirdupois) indicate 
the count. Thus 'ilt’s count eipials 20 hanks ])er lb., .‘iO’s count 
ecpials ISO haidvs per lb., and so on. But the cotton hank is 


List Xffl. —Vviiions Sr.srnMs or CoiiNns'i, Vvu.vs.^ 


I.i'iitjlli eii/oiWc. 


I'onstiiiit. 


Sy,l<'m. 


Cot tun 
Worsted . 

Linen imd Itemp 
Itiiw Silk. 

Dewslnivy 

Yorkshire Skeins ) 
AVoolleii . . ) 

Oalnsliiels 
Hawick , 

.Stirling and .\lloii . 
West of Kngland 
(tennnn wool count 
Itun (.Vmerican) 

Cat (Amoriciin) 
Xfetiic 

I'Ycnch Metric. 


CiHI-st lilt 

Unit 1 • ligilll uf 

1 .tiiU ]> 

) ll.lllk 


Iliiiik. 

;:i'iK''‘ 

»lllll 



\.iiiU 

[Ifl ll> 

1 ih. 

810 vaicls 

X 

1 

1 ih. 

v;iiiU 

X 

1 

111). 

.'[(H) vurdH 

X 

1 

1 la 

XuiiiIkm' til’ Minis 

X 

It; 

1 t/. 

Ntiniber of mihU 

X 

10 

() lb."*. 

l,.sl0 yards 

X 

•10 

I'l <iZ, 

;t(Hl vtinU 

X 


20 o/. 

\iuils 

X 

■til 


Clltd Vil-. 



21 Mix. 

■IS / 210 (Spindle) 

y 

•01 

1 Ih. 


X 

1 

kilog. 

Uoihii oils 



1 nz. 

loo vui’ils 

X 

10 

1 Ih. 

000 yanls 

X 

1 

1 kilog. 

I.OIKI metres 

X 

1) 

1 kilog. 

1 ,(810 luetre.s 

X 

■1) 


' The Yoikslme sjsti'in iniiy he said to he hased upon the jaidsjier 
di'.iin, and there is also a system hased u|ion jard.s pel ounce, and 
1,000 yards per ounce, 

’ See Bradbury’s “ Calculations in Yarns and Babriet." 
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840 yards ;* the worsted, 560 yards; the linen, 300 yards; 
Yorkshire woollen skein, 256 yards; AVest of Jingland, 
420 yards; and Galashiels, 300 yards for 24 oz.; so that 
further complexity has thus been introduced. AVith the table 
accompanying, however, the yards per lb. in any denomi¬ 
nation may readily be found, and from the yards per lb. 
any weight or diameter calculation readily worked out. 


List XIIIa. —Various Systkms of Counting Yarns.* 
Leiiyth mutant. Weight variaUt. 


Sy-dein. 

(Joiistiiiit 

Uvliglli. 

Unit or 
Weight. 

Count. 

Halifax llural District 

so yards 

1 ram 


Jute, Heavy Flaxes 
and Hemp 

(’iits Y<lw. 

■lSXZ00(S2iindle) 

11). 


1 lenior System . 

Drum System . 

International Denier. 

flaw silk (I7(i 
metros or o'iO 
yards) 
l.OiM) yards 

aOO metres 

1 lenier 

Dram 

A deci¬ 
gramme 

llepcats of unit 
weight m unit 
length = the 
counts. 

Legal Silk count appd. 
in Paris, IHOO 

I.iO metres 

] dcci- 
gnnnino 


American Grain 

20 yards 

Grain 

' 


Curious to relate, the of the yards per lb. of most 
materials (with a suitable allowance of from 5 to 15 per cent.) 

' No doubt originating from a reel of a eonvenicnt circumferenco, 
with a convenient number of warps upon it. 

’ See Bradbury’s “ Calculations in Yarns and Fabrics.” 
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gives the approximate working iliameter of any yarn. 
Working l)ackwar(ls diameter “ = tlio area of a sipiare, and 
the area of a square varies inversely to lengtli; tlierefore tlie 
diameter varies inversely as the of the length, and as 
count of yarn is in i)roportion to length therefore tin' 
diameter cf a yarn rariea inrerselji an the \J aj the eounts 
(that is denomination being the same). 

This accounts for the relationshi)) of diameter of yarn 
and length or counts, but not for the v of the yards 
per lb. being the actual numerical diameter in fractions 
of an inch. This coincidence suggests that there is 
some method in the madness of the English lb., yard 
and inch, and that they are not merely haphazard 
standards. If the nietrie count .system is adopted the 
V metres i)er kilogram X = the threads per decimeter, 
the decimeter being the most convenient unit to adopt 
for sets. 

The most important sy.^lcms of counting yarns with length 
constant and weight variable arc given in List XIIIa. 

In the foregoing particulars the inch is taken as the 
basis. Unfortunately the inch has been taken as the basis 
in very few manufacturing districts. The reason for this 
is not far to seek. Bradford, for instance, apparently 
based its set particulars upon the yard, Leeds upon the 
i yard or 9 inches; Blackburn upon 1) yards; while 
possibly other districts, owing to French and Flemish 
immigration, based their sets upon the Flemish ell or 
French aune—ij yards or 27 inches—which later possibly 
beingconverted into terms of the yard, would create further 
confusion. 

But this is not all. It was evidently found convenient to 
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wurp with a given number of threads. In Leeds thirty-eight 
ftermed a “ porty,” no doid)t a corruihion of the word 
“ portion ”) were employed; in Bradford forty (termed a 
“ beer ”), and so on. Thus it became customaiy for the 
set of a fabric to be defined by the number of times the 
threads warped with repeated in the standard width. Thus 
the Leeds “ set ” is the “ jiorties ’’ per quarter (9 inches), 
the Bradford set the “ beers jier 30 inches or one yard.” So 
little impregnated with scientific method are the textile 
industries even to this day that these very local standards 
are still in full use. Thus the man who .speaks of threads 
])er inch in Bradford or Leeds mills speaks in an unknown 
tongue, and is not in the least understood. Of course there 
is a tendency to reduce these sets to the threads ])er inch 
.standard. Thus the. Bradford man sometimes states the 
Bradford set as being based u|)on H threads per inch; 
but even he is an exception and usually there is not the 
slightest endeavour to make the inch the standard ; in fact, 
there is antagonism of a somewhat violent character against 
any change. 

The following are the prineijial set systems with their 
gauge points for finding the threads per inch (see List XIV., 
p. 237). 

Some of the most diflicult calculations and also some of 
the easiest possible calculations which the textile designer 
has to work out have reference to the weight per yard of the 
fabrics with which he deals. In the worsted coating and 
the woollen trade the weight ])er yard (usually 51 inches X 
3G inches) is the basis of all dealings; in the stuff, cotton 
and other trades, although often stated, it is by no means 
so important. Now under simple conditions of yarns and 
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set there is no difliculty in ciilciilating the weight of a piece. 
The calculation .simply .stniids— 

Yards of yarn in piece' 

Yanlsl^^ Tirofyarn-canploj^l = I’*''*’'' 

, Ihs. of cloth X l(i 
length of cloth in yar<ls ~ ’ 

List XIV.—^.MUous Svstkms ok IsnicyriNo ttih Set. 


Localitv niiii S}HUMn 


j'Bnull'ord 

Toiksbiro. liuddoiHHcld and U.S.A. 


'J)(‘\vsluiry 
/Bolton . 

r 1 Blackburn 

T‘'«‘c“hif«p[anchoslcr 

IStockpoft 

c, j , lOlllSJ'OW 

-llVccrt , 
Itelfastand C''"™ 

Ireland I ’’ ” 

' *t II 

Silk . . 


niclth 
111 Iht'lKN 


!) 

1 

!I0 

•>1] 

■l.'i 

:iii 

0 

:)T 

;i7 

•10 

;io 

:n 


NiiiiiImt of 
Ilin-HiU IIHMIl' 

• tf. 


to 

:is 


(•n^ii NH. to 
lliiil ('IkIi 
]K’I iii> )u 


X MI 
X'l'i!:' 


Spills poriacli X cnils 
in splits. 

as X -122 

■10 X Mi l 

•10 X 'll 

X •Oj.'i 
X 1 

X 0,11 
to I X MIS 
X •0,1 

X l aa 

X -O,)! 
Hails |>or inrh x rocil wiilth. 
Width of fuliric, iiiiiiibijr of ends 
in each split. 


There are, however, a few complications likely to arise. 
Yarn counts may he in two or more denominations, threads 
of various counts or thicknesses may bo twisted together 

' This further extended is: 

Threads )ier inch X widtli in loom X yards long of warp ^ 
Warp eoiints x Tninks |H:r Ih. 

Picks iier inch X width ill loom X yards long of eloth 

-WifuShiiuX^ ITankrpeT Ib:-- 
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to form part or the whole of either warp or weft, warp and 
weft may he eomposed of several colours, tliere, may be 
differences in shrinkage and losses in weight of warp and weft 
during finishing, and other disturbing influences of a less 
pronounced tyi)c. All the foregoing influences, with one 
exception, are cither so easy of com|)reliension or arc neces¬ 
sarily so dependent upon ])ractical conditions that no attempt 
need be made to deal further with them here. Th(! exception 
is the twisting together of yarns of varying thicknesses. For 
instance, what is the “ count ” of a 40’s cotton twisted with 
a 'lO’s cotton ; a SO’s (jotton twisted with a tO’s cotton, and 
a 30’.s cotton twisted with a fid’s worsted ? 

There arc really four methods of working out such problems 
as these. 

Example and 1st Method.— base the calculation uiam a 
yard of each material being twisted together. 

Thus the first calculation will stand— 


1 lb. ]_lb._ 
■10 X 810 40 X 840 


16.800 ^ ^ 


1 

lfi.800 


of 1 lb. .'. 1 lb. = 16,800 yards == 20’s 

^ 840 


cotton counts. 

Example and 2nd Method.— Work upon the L. C. M. of the 
number, take this as the length in hanks and proceed as 
before. 

Thus the .second calculation will stand—^ 

L. 0. M. of 30 and 40 = 120 hanks as length for com¬ 
bination. 

120 

= hanks per lb. = counts. 

30 40“ 
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/ yjrd 


• 01142 Drtms 
s OOlSiDrams 


‘01303 n560 


‘24 ac 


OISOJDrarrs for 
I Yard Of RC. 


lib 

40Hank<! of 40* ‘ 


g- 

iOHanks of 60 

1 IVilb 

"| eOHaok'. of40'^ 


K 

eOHanki cf60^ 


40H}nl<r, a 
I‘/Mb'! 

- 24^Hanii^ per Ih 
•^4 'HesuUjrn. Count 


OOHanft i 
l'/ 2 lbs 

‘ Z4 Hjnk •> pet lb 
^Zi^ResuUantCount 


2 lbs 


iibi 


120 Hanks of 40^ 


120 Hanks of 60'^ 


l20Hank! 

-SWs 

' ?4 H^nki pf‘r /h 
•24 ^Resultant Count 


• 60 lbs 


40 lbs 


2400 Hanks of 40^ 


2400Hanhs of 60'^ 


► 2400 Hanks 
' IQOIbS 

'‘^24Hanks per lb 
•24 ^Resultant Cou 


Fig. 60 .—Graphic lUiwtration of the UosuUant Counts of Twrwtiog 
to^'olbur two Threads of Uiifereat Counts. 
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This is better staled as follows— 
Hanks. lbs, 

120 ^ 30 = 4 
120 -7- 40 = 3 


120 weighing 7 = 17 hanks per lb. or 17’s counts. 

Example and 3rd Method. -Work bv means of the suitable, 
if somewhat large numbers, found by multi]>l)'iiig the two 
count numbers together. 

Thus the third calculation will stand— 
fiO X 2 

(GO’S worsted = —-— = 40’s cotton), 

30 X 40 = 1,200 hanks. 

1-200 , , 

1 200 1 200 — hanks poi lb. — counts. 

"30~ '46“ 

The sepf)nd method seems so mueh more convenient than 
the other two that it is most desirable to adopt it whenever 
possible. Its convenience is all the more marked when the 
prices of the yarns are given and the price per lb. of 
the resultant count is required; and again when three or 
more yarns are to be folded together. Such calculations 
are so simple in the light of the foregoing that it is not 
considered necessary to treat them further here (see graphic 
i]lustratiuu.s, Fig. CO). 

The changing of the weights of cloths })resents one or two 
features which are somewhat curious and should be specially 
noted. For instance, to make cloths lighter—(«) Warp 
may be kept the same, and a thinner weft or fewer picks per 
inch of the same weft may be inserted; or if the cloth is 
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built on tbo square (M the whole stiiicture of (bo cloth 
may be cbanf!e(l and nwrc threads and |)iclis per inch may 
be inserted of a finer yarn. The exidanation of this 
seemingly contradielory melbod is that to make a cloth 
lighter it must he made Ihiiiiifi' (supposing that in the first 
place it is perfectly constructed), and to make it thinner 
a smaller (liamvU’r of yarn innsl he employed; and with 
a smaller diameter of yarn more threads per inch, in 
exact proportion to the decreased diameter of the yarn, 
must he inserted to maintain the balance of strnctnre. 
Tims the cloth is lighter hecanse more threads and picks 
per inch indirectly inqily a thinner cloth. Similarly, to 
make a cloth heavier ./iavr threads and picks must he 
inserted (see f'ig. 08 , p. 280). 

lint these statements and facts are put in terms of the 
diameters of the yarns. To make it jiractical then— 
remembering that counts is in proportion to the 
diameter—the rale will he change the counts of yarns 
inversely in proportion to the rcipiircil change in weight, and 
change the threads per inch inversely in proportion to the, 
required weight change. An e.xanqile will well illustrate (his - 

A'xmiqi/c.—A cloth is woven of 2/82's cotton, set (10 
threads and picks per inch and is required ^ heavier. 

;[ to become ;;; proportion = as I; 5, 

As 8 : -1 11 v' 1(1 I \ a: and x = 10’21 counts of say 
2 / 20 ’s. 

As 5 : 4, or 

As V 1(1 ; 10 '21 :: GO : x = 48 threads and picks 

per inch. 

T. j; 
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Proof 60 X SO X 1 X r> 48 X 36 X 1 
16 x 840 x 4 = 10-24 X 840' 

Another calculation of this type involves a change in 
weave as well ns weight, hut as no new principle is involved 
we refrain from giving it. The varieties of the foregoing 
calculations are unlimited, hut practically all the principles 
involved have been touched upon ; a little common sense 
and mathematical instinct will lead to a speedy solution of 
any and all. 

The simplific.ation of practical conditions to ensure .speedy 
work has claim to passing comment. 

J'hample .—A dress cloth when finished contains 88 ends 
per inch, and 80 picks per inch, is 63 yards long, 48 inches 
wide, and weighs 14 ounces per yard. It has shrunk 10 
per cent, in length, 12 per cent, in width, and lost |th of 
its original weight. Ascertain the threads and picks per 
inch in the loom, length of warp and width of piece ns in 
the loom, weight of material in the grey, and the finished 
and grey counts of yarn employed. 


Waui' Eini.su ki). Waup in Loom. 

(.'omitsof yunifwoi'stfil}. 'i ('omits of yani. 


SS onils por inch. 

Weit Finisueu. 

? (^omits of yiirii. 

.SO picks por inch. 
Lon^ltli of wiirp fiiiislieil (>:) yils. 
tViilth of piece linishod, IS ins. 
Weight per yil. tinisheil, 11 oz. 

} lo.ss of original weight. 


tEiids per inch. 

Wefc in liOior. 

I'(.'omits of yarn. 

: I’icks per incli. 
Length of warp in loom, ? 
AViilth of piece in loom, !' 
Weight jier yd. in loom, ? 


To clearly state the problem like this is almost to 
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answer it. For example, llie ounces per yard in tlie loom 
stands— 

14 oz. + f of the original weight = 11 oz. + i = 
l(i'33 oz. = per yard in loom. 

Again: 

As 1(18 (88 -|- 80 ends and picks per inch'): 8 ) :; 14 : .r 

_ , , 88 X 18 X I X 1(1 

= 7’3 oz. of warp, and- ,.= l()-5s 

* r!l X n()() 

count (it worsted). 

Should the manufacturer he engaged in the Continental or 
South Anicrieau trade it may he very desirahle that he 
shoidd work in the >letric System. All the foregoing 
principles may he readily applied in the Metric System 
by conversion, nr, better still, directly by means of the 
following particulars 

Worsted counts -r- ‘880 - ^fetric comits. 

Metric counts X ’880 = Worsted counts. 

Cotton counts -r '.I!) = .Metric counts. 

Metric counts X '5!) = Colton counts. 

Yorkshire skeins ~ I ■!):(!) = Ifetric counts. 

Metric counts x Idll!!) = York.shire skeins. 

In dram silk 51 0 4- counts = Metric counts. 

515 4 - Metric counts = Dram silk counts. 
Threads or picks per inch X 3 i) = threads or picks per 
decimeter. 

Threads or picks per decimeter 4- 3 9 = threads or picks 
per inch. 

Bradford set X 4'33 = threads per decimeter. 

Threads per decimeter 4- 4‘33 = Bradford set. 

u3 
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Buie to find the threads per decimeter (i.f., fraction of a 
decimeter occupied) for any metric counts of yarn: 

s/Metres per kilogram X 2'3 for woollen yarns.* 

„ „ „ X 2'4 for worsted yarns. 

„ „ „ X 2’5 for cotton yarns. 

Buie to And the threads per decimeter for any ordinary 
weave: 

Diameter of yarn in decimeters X Tlii ead in repeat of weave 
Threads + Intersections in weave. 

= Threads per decimeter. 

Kxamph’: —Find the threads per decimeter for 2/18’s 
2 

cross-bred yarn employing — 

s/y X 1,000 X 2'4 = 233 and 
233 X 4 

- = 1.5i) threads per decimoter. 

Spinning and Weaving Calculations. -In preparing, comb¬ 
ing, and spinning, calculations referring to both the 
machines employed and the materials passing through these 
machines frequently occur. The mechanical calculations 
involved cannot be entered into here. Nearly all .spinning 
calculations involve the principle of drivers and driven, and 
most weaving calculations involve the principles of leverage, 
but the application of these simple principles are so varied 
that no satisfactory treatment of them could he given in 
the space at our disposal.'* 

The calculations referring to weights of slivers in drawing 

' The alight (lifferencos hero are allowances for the relative bulki- 
ncss of the materials of which the rcsiieotive yarns are comjwsed. 

* See the " Wool Year Book,” ‘‘ Woollen and Worsted Spinning,” 
etc. 
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and spinning, however, should at least claim passing com¬ 
ment. The iiltimiite end of spinning is, as we have seen, 
to produce a strand or thread of a certain count, /.(■., of a 
certain number of yards per pound (this is the simplest 
denomination). Now, working backwards one would expect 
the slivers always to he stated and calculated in yards per 
lb., and it it were so there would bo many simplilica- 
tions of drawing and spinning calculations. Jbil in practice 
it is found more convenient to reel for fairly line slivers -10 
or SO yards, and for thick slivers 10 yards. Tims English 
tops are placed on the market 7 ozs. per 10 yards. Eotany 
tops are placed on the market -1 to r> ozs. per 10 yards. 
An English lop (say 40’s (piality) is usually made up in a 
ball about 280 yards long and weighing about 10 lbs. A 
Botany top (say 60 ’b quality) is usually made up in a ball 
about 144 yards long, wau'gliing about lbs. Irrespective 
of these perhaps unnecessary dillieulties drafting calcula- 
lioiis are comparatively simple, as a sliver loses in weight 
exactly in proportion to its extension or draft, and neces¬ 
sarily increases in weight in proportion to the doublings. 
Thus if 40 yards of a “ lop " weigh 210 drams, then with 
drafts 5, 6, 8, 8, (!, 9, 9 and doublings (i, (), 4, 4, 8, 3, 2, 
40 yards roving will weigh 

■ ■' 240 X 0 X (i X 4 X 4 X 8 X 8 X 2 

"■5xGx8x8X(ix9x9 =‘-^.1'Imms.* 

In calculating the drafts necessary to give a total draft 
a difficulty may occur owing to drafts rnultipling themselves. 
Consequently if, say, a total draft of 10,808 is required in 
seven operations, then logarithms or the slide rule must be 

* See Uucklcy's “ Woisted Overlookers' lliiml-tiook,” and " Woollen 
and Woibted Spinning,” by Barker. 
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resorted to, the y of the total draft lieing the average 
draft which may now be varied slightly to suit particular 
operations. Thus a top weighing ‘280 drains per -10 yards 
has to be reduced to 7 drams per 40 yards, at seven 
operations, the doubling being 0, 6, 4, 4, 3, 3, 2. 


40 and log. of 40 = 

l‘(i0‘2® 

log. of 6 = 

0‘778 

„ c = 

0-778 

.. 4 = 

0‘()0‘2 

„ „ 4^ 

O-fiO‘2 

1. M 3 = 

0-477 

1. .1 3 = 

0-477 

‘2 = 

0-801 

7)5-()17 


•802, log. of. 

Answer, = O'B draft required. 

Calculations such as these arc comparatively simple, but 
the problem of deciding diafts and doublings is much more 
comple.\, reipiiring experience and sound judgment. The 
following are approximations which may prove useful 
For Iwistless French drawings : 

10 to I‘2 units 
~ average fibre length.® 

Doublings = draft — a: (a small quantity). 

For twisted English drawings : 

_ 24 to .‘50 units 

~ average fibre length.® 

Doublings = draft — a: (a small quantity). 


* I.(ifC of (Irnft reiiuirctl if there were im doabliiigs. 

- .\.s (leeided by the 8chlumberger Top Testing Miiehine. Cent!, 
moires or inches m»y be taken as units. 
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For uvdilen i/arns: 

When F -- avcraj'c fibre lenj'lli. and 

A' — ((uality constant, then skeins any material will 
s])in to : - {FX -0)A’. 


For ll.H's (jiiality K ■ t For oil's (jiialitv A' 

„ ;Vi's „ A -o „ fiO’s A 

.‘ili’s „ K -1) ,, fil s A’ 

'ID's A '7 .. 70’s ,, A - 

fiO's A -8 

Draft wliieh any material will stand : 

\'L 


1 + 


Drafting tnist; 


•9 

l-O 

1-1 

- [•2 


X k 


In wliii'li A = lom'esi fibre in eondeii.eil sliver, 

/■ a constant determined l)y the frictional ... of the 

fibres beiii},' s|)nn. 

It will be evident Irom the fore"oing that many most 
interesting calculations occur in the texiilo industries. 
The points involved in these calculations are ordinary 
mathematical, geometrical, and trigometrical principles, 
and special principles and variations involved by the con¬ 
ditions obtaining in the industry. Many of the calculations 
could be materially shortened by the adoption of cither the 
standard inch and pound or the metre and the gramme. 

The chief point which stands out, however, is the need 
for some universally intelligible system. If we in this 
country are not prepared to adopt our own standard of the 
inch and yard and the pound of Ifi ozs., we must be pre[)arcd 
for the metric agitators to prevail—our weakness will be 
their strength. 
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TIIK WOOIil.RN INDUBTllY 

Thk \V(h)I Industry may be divided into four main classes,* 
\'iz,, the Woollen Industry, the Worsted Industry, the 
HtnII or Dress (ioods and Lining Industry, and the Up¬ 
holstery or Taiiestry Industry. Each of these has several 
suhdi\isicns: thus the woollen industry may be considered 
to include the felt industry, the blanket industry, and in 
part the hosiery trade; the worsted industry includes also 
a section of the hosiery trade, and in part the braid trade; 
while the stuff or dress goods and lining industry includes 
many varieties almost attaining to distinct classes. The 
fourth class includes all pile fabrics of an upholstery type, 
and carpets and tajiestry fabrics of a complex character. 

The word “ woollen ” originally referred to fabrics made 
of the best Continental wool spun on the spindle-draft 
system, simply woven, felted, and often highly finished. 
The old “ doeskin ” was a typical example of the woollen 
cloth, and the care and .skill r(((uired for its iirodiiction may 
be gauged by the fact that this cloth fre<[Uently took .six weeks 
to finish, and sold up to .‘ittv. a yard broad width. The present- 
day army olticerji’ cloths may also be taken as typical of 
what was understood by the term woollen “ in the olden 
days.” It also seems jirobabic that cotton cloths made 
from yarir spun ujroii the spindle-draft system and woven 

* The hosiery or knitting industry i» not considered here. 
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into more or less soft fabrics were sold ns woollens. About 
the year 181!) the re-miinufactured nintorials made their 
nppenrnncc, and very ipiickly “ catcliin;' on " became in¬ 
corporated into (lie woollen trade, so that to-day the legal 
deliiiition of a woollen yarn may bo taken as--a yarn 
composed of fibres of any class of materials which may be 
said to pos.se.ss two ends, wbicli juht possesses the strength 
necessary to allow the shuttle to lay it in the shed. To-day 
woollen cloths partake too much of the.su last named 
characteristics. Verily our grandfathers would havii wept 
aloud could they have foreseen the degradation which was to 
overtake their trade and calling, b'er they were proud of 
their goods and of their good name for honest dealing. It 
must not be supposed, however, that the introduction of 
there-manufactured materials is entirely a retrograde step. 
It is suriirising what sound goods the Deushury and Dailey 
manufacturers can make frotn low-class raw materials, ami 
it must not be forgotten that thousands of the jaiorer classes 
are well clothed by this means who otherwise would have 
to go very meanly clad indeed. It is tin; passing of re- 
mamifacturcd materials as jrurc wool which must be 
condemned. 

The better class woollen trade is locatisl in the West of 
England, lliidder.stield, Scotland, and Ireland. In the latter 
country it is not concentrated, hut rather distributed. 

The medium class woollen trader is largely locahal in the 
Leeds di.strict with branches westward into tlu! ilah;s of 
Yorkshire. 

The heavy woollen trade is located in the Dewsbury, 
Datley, and Colne Valley district. The Continental woollen 
trade is very di.spersed. In France, Elbcuf and certain 
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small towns like Sedan in the north are the principal 
centres. In Germany Il.-Gladhach, Cotthiis, Forst and 
Werdan ans ihe main centres for cheap f'oods for men’s 
wear. Verviers, in Belgium, is the centre of a large 
woollen spinning district, the yarns produced being 
shipped to Kngland by the ton. In the north of Italy and 
in Spain woollen and worsted manufacture is developing, 
W'hile Austria has a textile industry all too little known 
and appreciated in this country. 

The woollen centre in the United States of America is in 
the New Kngland States, Philadclj)hia and Boston being the 
chief cities involved. 

The supplies of material for these branches of the woollen 
trade are derived as follows :—For the fine trade Australian, 
Cape, South American, and Continental line wools and some 
few fine cross-breds and English wools are employed ; for the 
medium trade coarser Australian, New Zealand, etc., cross¬ 
breds w'ith slipe and skin wool, noils, etc.; and for the heavy 
trade shoddy, extract, mungo,'ctc., scribbled with cotton 
sweepings, etc., to hold the blend together, are largely em¬ 
ployed. 

The woollen firm is usually self-contained, i.e., it takes 
in the raw material and delivers the finished cloth, and also 
often merchants it. There are a few .spinners of woollen yarn 
who do not weave and fini.sh, and the “ Rag Grinders ” or 
“ Mungo and Shoddy Dealers ” of Dewsbury, Batley, and 
Ossett, form a distinct class to them.sclves; but these are 
the exception, not the rule. Thus a w'oollen mill will, as a 
rule, include the following machines or sets of machines;— 
.Scouring Machines. 

Drying Machines. 

‘ These waste materials average from 200,000,000 to 000,000,000 lbs. 
per annum. 



THE WnnTJ;EN IXnrSTRY 


2.^1 


Willows 


1 


riaml in the Hli'iMiinf;-r(i()in. 


Fearnaughts 

Conveyors from Blending-room to the Cards. 

Scrihblers ^ „ . , , ,. , 

, , Forming sets of nmelimes to iirenaro 

Intermediates' , . , , • n 

I for n given nnnilier of spindles. 
Coiidonsois j 

Mules—pitch and niimhor of spindles to follow cards. 
King Twisters. 

Warping, Dressing, Sizing and Drying Mills, mi l 
Miicliines. 


Looms to follow the spinning. 

Soaping Jfaeliines. 

Dollies. 

Hydro-Extractor. 

Milling Miieliines. 

Stocks. 

Crabhing Maeliines. 

Steam-Blowing Machines. 

Teiitering Machines. 

Raising and Brushing Machines. 

Cropping Machines. 

Dresses. 

Few mills possess complete sets of scouring bowls—say 
four or five howls to the sot—as the materials they employ 
are of such a varied character and comparatively so small 
ill hulk that it pays better to buy bulk lots scoured and to 
keep a single machine for dealing with the greasy lots. For 
the same reason the space over the boilers is usually plated 
as a drying house, although of course the best firms employ 
drying machines of an approved type, which yield the wool 
up in a nicely open and dried condition. 
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The willow is a very rough strong kind of card, which 
practically tears up and dusts the material, a fan and 
chimney being connected with it. The fearnaught is a 
nearer approach to the card, still more finely working the 
wool and ejecting it as a rule by means of an air blast.^ 

Materials to be blended together are first passed through 
these machines, then built into a stack, layer by layer, and 
oiled at the same time, then beaten down with sticks^and 
again passed through the fearnaught. The blend is then 
allowed to mellow before being passed on to the carding- 
room. The scribbler card to which the material is subjected 
opens it out lightly, the intermediate card treats it more 
severely, while the condensing card ensures a regidar film 
of wool and theti divides this film up into a number—say 
120 films in 72 inches—of small slivers—count according 
to count to be ultimately spun to—which are wound on to 
the condensing bobbin ready for being passed on to the 
mule. On the mule these condensed slivers are at one 
operation drafted out to the counts required and twisted, or, 
if this would be too severe, they are first roved and then 
finally spun to the required counts. The following parti¬ 
culars respecting the relationships of the cards and mule 
spindles are useful and interesting (see p. 2.')3)- 

The operation following spinning and twisting is warping 
if the yarn is intended for warp. If the yarn is intended 
for weft it will have been spun directly on to spools fitting 
the power-loom shuttles ; if for warp, on to cops bolding a 
large quantity, and, if possible, a definite length of yarn to 
avoid waste in “bits.” Warping is best effected on the 
Scotch warping mill, although the cheese system has by no 
means fallen into disuse. Upon whatever system the warp 

‘ Cure must be taken that neither nir blasts nor sticks sort out lung 
material from short; perfect mixing being the desideratum. 
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Skts of Woom.kn Maciiinkhv foi!— 


('f'tirst (r<'»7r. 

Seouriiij;. 

Drvinj; 

(l'Krl)oniziuj;), 

1 ^Vill»w. 

I l'Vaiiiau;;ht. 

I’rort'ss 

1 trt'lih* wul»l)l»T -hu'a.-t .‘iml 15 
hwift, Scotch iutiTiiH’iljato (cimI. 

1 dtnibk' ciii(lii)^ i*n{;iijo—breast 
and ‘J swilts, doublu«<lofT<M' 
(.•oiidoiiser, 

1 mulo ol 100 siandlt^. 

1 linj^* twi.diii^' fianie of lOO 
spindles. 

(Yielding, <uy, 0011)^ per lionr.^ 


III'//.'. 

Seonring. 

J)ryiiig 

((’urbonizing). 

1 WUlow. 

I i'Vuinaught. 

Uluniling 1 VoroHs ; — 

1 denble M'libblcr- Ineast and 2 
.•'ttifts. 

1 intmiK'diate- biead and Iswift^ 
er(M*l interniftdiate feed. 

1 double carding engine -bri'ant 
and 2 swifts, tape condenser. 

2 iiinles, tHM) spindles each. 

1 ling • twisting traiiie ut 200 
spindle'*. 

(Yielding, «ay, IOIIk j)er hour.) 


is made a roKular tonsion sliould bo jdaced iiiion all Iho 
threads; if of a coloured pattern, they must be in their 
correct order; tho right length should be accurately 
obtained, and the correct width for dressing on to the loom 
beam. Sizing follows, the idea here being to add a certain 
amount of strength to the yarn and to glue down the strong 
fibres and so ensure clear weaving conditions. ])rawing-in 
or twisting follow, and then the warj) is mounted in tho 
loom. The favourite loom among woollen manufacturers 
now is the Dobeross, running at from 60 to 105 picks per 
minute. Several other firms also maki! woollen looms of 
an approved description. It is here interesting to note that 
in the woollen loom speed does not necessarily mean pro¬ 
duction, for woollen warps are frequently so tender that 
running at 80 picks per minute produces more cloth than 
running at 105 picks per minute. Of course for the cotton 
warps largely used in the low woollen and flannel trades 



much quicker Iooiub may l)e employed, 110 lo 120 picks 
per minute being frequently attained. 

As tlie woollen fabric leaves the loom it is unsightly, 
rough, and uncouth. But linishing changes all this. 
Scouring cle-ars off the size and oil, and, if skilfully done, also 
clears and develops the colours. Milling bursts the thread and 
gives a full-looking texture; tentering levels the piece, 
taking out all creases; crabbing fixes and gives lustre to the 
piece; raising brings a pile on to the surface; cropping levels 
it; steaming fixes ; and wet-raising, boiling, etc., give a 
finely-develojied permanent lustre. 

The following example illustrates how all the processes 
in woollen manufacture must be applied with a definite 
idea of attaining a particular type of finished fabric:—A 
Melton cloth is recpiired in which the finished fabric shows 
little or no trace of threadiness, but is of a felt-like appear¬ 
ance. To begin with, a good, faii ly short, felting wool is 
recpiired ; this should be worked with as little drafting as 
possible, i.e., condensed fine and simn without roving. 
The warp and weft yarns should be spun with inverse 
amounts of twist-in and in the same direction, say, 
open-band. The twill of the weave, should a twill be 
employed, should run with the twine of the yarn, so that 
warp and weft “ bed ” into one another as much as possible. 
The fabric must not be too closely sot, ns the fibres must be 
given room to take a “ finish.” The thread structure must 
be cleared in the scouring, broken in the stocks, and consoli¬ 
dated in the milling machine. The surface fibres must be 
raised up by dry-raising and closely cropped off lo leave a 
bare clear surface without pile. Should stiffening be 
necessary, this may be effected by washing off the soaped 
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piece witli hard water or by adding the necessary stiffening 
agents. Needless to say, the better piece will be that 
which requires no stiffening agent. Should the fabric 
come out of the press too highly glazed, it shoidd he re¬ 
steamed to give it the requisite clear but somewhat opa(iuo 
Melton finish. 

Every distinct style of woollen fabric requires special 
attention in the finishing, as it is the iinisliing operations 
which make or mar the piece. A worsted cloth is largely 
made in the loom, but a woollen cloth is really made in the 
finishing. 

Woollen manufacturers largely merchant their own goods, 
as distinct from the stuff manufacturers, for e.xample, who 
cater tor the wholesale merchant houses. This is perhaps 
due to the fact that the woollen trade is largely a home 
trade, the manufacturing of woollen cloths—no doubt 
owing to its comparative simplicity—being spread over the 
world. Japan, for instance, already spins, weaves, and 
finishes woollens, but buys largely worsted tops and yarns. 

In Fig. 61 the relationships of tlie various processes in 
woollen manufacturing, one to the other, are shown. 



CHAPTER XII 

TIIK WORSTKD INIU'STHV 

Tmk woistod iiiHii.stfv may Ik; said to liavo riscii willi tlio 
growtli and introdurtioii of colonial wools into Enj'land. 
It may I)c tnio that its very name carries ns hack to an 
industry loeated in the village of Worsted, in Norfolk, Init 
it is more than |irolial)le that did wc enquire into this primitive 
industry we should liiid that it was prineipally liased upon 
the production of fabrics which here will be treated under the 
headinjj of “ Stntfs.” • For our present purpose, however, 
it will be convenient to include in this chapter all combed wool 
yarns and fabrics made entirely of such yarns, alonf; with 
])ossibly a few exeejitions of the fabrics made of, sav, worsted 
warp and woollen weft. If this is the division adopted, then 
it is necessary to point out that there are nally two distinct 
branches of the, industry—with, of course, many frr.ades in 
between. Lon" wools (mostly Eu),dish) have been combed 
and made into what are still known to our woiuen-folk as 
worsted yarns from time immemorial. St. Ulaise, a bishop 
of the fourth century, was the patron saint of the wool-combers, 
and for how long the industry had been established before his 
time it is difficult to say. We are fairly safe in assuming that 
prior to about 1830 worsted or combed j’arns were made from 


T. 


• See Chapter XIII. 
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long wool of a somewhat coarse and harsh character, and that 
the modern “ Botany yarn ” was almost unknown. Prior to 
1830 fine Continental wools would no doubt be placed on 
the market as hosiery yarns, but they would be spun on the 
woollen principle, and were no doubt synonymous with what 
are to-day termed “ merino ” yarns. From 1830 onwards 
the longer colonial merino wools were combed by hand, 
and about 1840 Lister (Lord Masham) first attempted the 
combing of short English wools (Southdown), and later of 
colonial wools, by mechanical means. Prior to this, attempts 
had been made to comb wool mechanically, but inventors 
were more concerned with the production of any mechanism 
which would comb wool, so that we are fairly .safe in assuming 
that the combing attempted was with long wool. Curious 
to relate. Lister soon abandoned his attempt to comb short 
wool, becoming more interested in his “ nip ” comb, which was 
more suited to the long varieties of wool, leaving the field 
clear for the Holdens so far as this country was concerned, 
and Heilmann and the Holdens so far as the Continent was 
concerned. Thus, from 1850 onwards there has been a steady 
advance in the capabilities of the machine comb, until to-day 
the Heilmann and Noble combs will comb wools of, say, 
2 inches, which even a few years ago would have been put on 
one side as being only suitable for clothing purposes. The 
genesis of the wool comb is illustrated graphically in List I. 
Every stage therein forms a romance of industry. 

U was about the year 1879 that the fine woollen trade 
was “ hit ” by the introduction of fine wool “ worsteds.” 
Woollen manufacturers, who a few years previously had 
reckoned their profits in thousands or tens of thousands, 
either had to change on to the new style of machinery or 
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had to olosc down. Tlit' fine black cloth ihi- standard 
clothing of the middle and upper eliisses heeaine almost 
a thing of the past. Thus it came about that the worsted 
industry, instead of being almost wholly concerned in the 
rougher .sorts of wools, became more and more concerned 
in the finer wools, so that to-day it i.s impossible to say 
whether the prepared, combed, and drawn long wool yarns 
or the carded, combed, and drawn short wool yarns form 
the bulk of the trade. lJut during the past ten years, 
again owing to the large supply of a suitable me<lium wool 
—neither long nor short—what is known as the cross-bred 
trade has arisen. Cross-bi-ed wools aro usually carded, 
combed, and drawn, hut the yarris iirodiiced cannot bo com¬ 
pared to Itotany yarns for softness and delicacy. To-day, 
owing to the lemlency to produce a big carcass sheep, those 
wools form the bidk .sorts of Now Zealand and the coastal 
districts of .\ustralia and Koiith America, and the yarn and 
cloth trade in these wools is proportionately large. 

The worsted '• top and yarn” trade is loeatial in JSradford 
and district, but some few and not unimportant linns are 
outside this district. Worsted yarns of the tine, cross-bred 
and long wool type are woven, dyed, and finished in various 
parts of the country, each district, as it watre, making a 
speciality of a certain style. Thus Ifudderslield leads the 
world in the tinest worsteds for men's weai-; Bradford and 
Ilalifa.x are pre-eminent for the cheap piodnction of plain 
style worsteds for both men’s and women's wear; and 
Scotland now consumes large quantities of cross-bred and 
Botany yarns, which are made into Scotch tweeds and other 
fancy worsted styles, mostly for men’s wear. The corre¬ 
sponding Continental centres are Elbeuf and Aachen. Of 
■ s 2 
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courne, the correspondence is not exact. Thus, while 
Elberfeld makes linings similar to Bradford, no combing 
and spinning of moment is to be found there, and so on. 
Philadelphia, Boston and Jamestown are the corresponding 
United States centres. 

The worsted trade, as distinct from the woollen trade, is 
organized into several distinct divisions. It is true that in 
certain parts of the country there are firms who buy wool 
direct, or at the London sales, scour, comb, spin, weave, 
and finish it. But these jirras are the e.xceplions, the trade 
as a whole being organized as follows 

1. The Wool Buyers.—This branch of the trade originally 
bought the wool from up and down the country or in 
London and resold it to the combers. Of late years, how¬ 
ever, there has been a tendency to combine this trade with 
the combing. 

2. The Combers.—This branch takes the raw material, 
scours it, prepares or cards, combs it, and places it on the 
market in the “ top ” form. 

3. The Spinners.—This branch deals with the “ tops” ns 
delivered from the combers, converting them by means of 
drawing and spinning processes into yarns. 

4. The Warpers and Sizers.—This branch deals with the 
warping and sizing of the spinning j'arns prior to weaving. 
Thus, warpers and sizers frequently keep standard qualities 
of their spinners’yarns, and warp, size, and dress on to the 
manufacturers’ loom beam to order. 

5. The Manufacturers,—This branch weaves into the 
required fabrics the yarns, etc., supplied by the spinner or 
the warper and sizer. 

6. The Dyers and Finishers.—This branch, now largely 
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The Wool Growing Industry 

Europe, Australasia. South Amenca. Cape Colony. East Indies, 8fc. 


Wool Sales 

london, Antwerp. Liverpool, Sydney, Buenos Ayres, PrlvateTreaty, ic 


Woollen Industry 



Worsted Industry. 


Combing Industr*^, 


Cross Bred 


Spinning Industry 


Cross Bred. 
(inyCuloured. 


Botany. 

Grry.Cvluured 


Wcavingllndustrj 


Dyeing & Finishing. 

Worsted , DrcssGoods ‘ Woollens. 
Coatings ' 2 Linings. 


Me r chanting 

I foreign Trade. 
Home Trade. * Continental. 

1 USAru. 


Fio. 6*2a.— Giapliic Illustration of Woollen and Worsted luduatriee. 
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Pio. 62 b. - Oiapliic Illuslration of Combing Processes tor Long Wool. 
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orgnniiicd as a coniliiiiatioii iiiuler tlit! title of tlio liradfunl 
Dyers' Association,' scours, djes, and liiiislies tlie iimneiise 
variety of goods forwarded to its various liraucli works, 
each of tliese latter heiiig specialized to deal with particular 
styh's of goods. 

7. The Merchants. The large wholesale houses ' in 
Jtradford at one time almost controlled—and certainly 
developed—the Bradford trade. To-day there is mani 
tested a tendencr for manufacturing coneeriiH to merchant 
their own guo<ls, hut notwithstanding this tlu! merchant- 
iug trade of Bradford is in a very healthy condition. 

There are .several minor hrauches of the trade in addition 
to the foregoing main divisions. Thus there are comh- 
makers, s}iindle-makers, loom-makers, and the designers 
and card-cutters. 


Skts of Vt veins ks nioM Worn, id iin; Vviis'. 


Holiliijl, 

1 Willow. 

1 Voiir or rive liowl Si’oiiriiig 

Set. 

10 Cards. 

2 Dackwashers. 

2 Sets of two Strong bo\c . 

1 I'lmch. 

8 Noble Coiiib.s. 

S Sets of two fiiiisliers. 


I Willow. 

t Three or foin-bowl Seoariiig 
Set. 

I Dryer. 

I Set of si\- l’re|iariiig-lio'ies. 

II Nip (tombs. 

.'t Sets of (wo liiiishers. 
(liackwasliiiig to be adiled if 
rei|iiireil.) 

About six .Sets of Kiiglish 
Drawing will be required to 
follow this. 


* A few not unimportant dyeing and limshiug firms arc not iu this 
coinbiue. 
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Hoiany (rottid.). 

Top ni/einfi P\niU. Re-combing Plant. 

2 Twenty-oiKht Caii 'i’oi) Dye- 2 Winders. 

Maciiincs. 3 Sets of two J5reakiiig-up 

1 Hackwaatior. Boxes. 

2 Mixing Boxes. 1 Punch. 

4 Noble Combs. 

2 Sots of two finishers. 

Drawing Plant, 

3 Sets of Botany Drawing Machinery, and 
1 Set of French Drawing .Machinery. 

It is not possible to give details of all the machinery 
employed in the industry, hut the above indicated sets 
of machinery for English cross-bred and Botany yarn pro¬ 
duction, in conjunction with the information given in 
previous chapters on preparing, spinning, etc., will enable 
a comprehensive grasp of the subject to be obtained. 

In the worsted and woollen industries the typo of work 
is so miscellaneous that weaving machinery is rarely supplied 
in sets. In the cotton industry, however, sets are most 
carefully calculated for speciOc types of fabrics. 

Worsted looms may be run much quicker than w'oollen 
looms, an additional speed of at least 20 per cent, often 
being possible. As a rule, a greater shedding or boxing, or 
both shedding and boxing, capacity, is required in the 
worsted loom as compared with the woollen loom, as 
worsted goods are made in the loom, and not in the 
finishing, as are woollen goods. Extreme fancy woollens, 
however, are as difficult and complex in the making as 
fancy worsteds. 

The fabrics produced in the worsted trade may usually 
be classed under the heading of Botanies, Cross-breds, or 
English. The plainer styles in all qualities are woven in 
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j Iwilla and other standard weaves. For 

women’s wear, when fashion is favourable, lai'sc mnnhers of 
jacquard iij,Mired styles are produced, while for inen’s wear 
backed and doulde cloths and very complex .selieiiies of 
interlaciiif,' and colouriiif’ are reRiilarl}’ to he met with. 
Special note should he made of the colourin}», as the 
organization of the Jiolany coloured yarn trade of llradford 
and JIudderslield is unequalled elsewhere in the world, 
unlc.ss it he in the Lyons silk trade. 

The linishing of worsted goods has been dolined in the 
chapter on “ Finishing.” Note should he made, however, 
of the fact that there are to-day many “ worsUal finishes.” 
Time was when worsted coatings invariably wore "greasy.” 
Such is not the case to-day—at least, not if the linisher 
has done his work well. Again, worsteds may be ])roduced 
soft or crisp at will by maintaining satisfactory conditions. 
Thus, just as in the case of the woollen cloth, the final 
product is decidial by the primary selection of the raw 
material, by the way in which that material is priipared 
and spun, by the way in which the fabric is constructed 
and woven, and linally by the linishing. It is not one but 
all these factors which must be considered carefidly if 
characteristic worsted cloths are to be produced. 

The merchanting branch of the trade may be con¬ 
veniently divided into the " home trade ” and the “ shipping 
trade.” Owing to this division and to the variety of textiles 
produced, it is questionable whether Bradford should he 
considered a city of one trade. It is further questionable 
whether the total trade fluctuation is greater than in a city 
of recognized diversified trades, such as is Leeds. 




Fh>. i»‘Jc —GiaptiK' Illustration of the Ccinbni}? l’l<K•e^^e^ for SJioit Wool —1 and 2. wools 
to be treatmt; 3, blend of nuoN (1) and (2); 4 , j, 6 and 7, nu.sliiii!' bow N; 8, dr} er (not 
always used); n, caitler; 10, baekwasher; \\ and 12, strong bows; 13, ]»unch for 
baiting sbvers for comb; 14, Noble comb; 15, Ist llinsher; Id, 2nd Hnisher. A’o/e.—The 
balance of machines ia not here pieservetl; thus one set of scouring would keep 
perliaps twelve combs running (see p. 238). 








FfO. 620 .—firajiliw' Illii'tmtiim (if the Krawinj' iiiiil Spiiiniii" 
I’rore».sf8 on the Froneh, Merino {(tjien), and Merino 

(Cone) Systems. 
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The following tables, taken from the Bradford Chamber of 
Commerce’s “ Statistics of the Worsted and Woollen Trades,” 
convey useful information respecting the “ top,” yarn, cloth, 
and dress-stuff trades. 

Llst XIV.— Export.s of Wooi.-Wa.stk, Noils, anu Top.s. 


Yffur. ' Total 



lllS 


lilO.S 

55,2011,200 

3,532,153 

1909 

66,695,400 

4,342,835 

1910 

71,269,200 

5,170,:i97 

1911 

67,658,400 

4,766,852 

1912 

76,55:1,000 

5,352,811 

19i;t 

77,519,:iOO 

5,831,.569 

19U 

61,775,800 

4,865,884 

191.5 

;15,598,000 

:i,:i65,4:i5 

1916 

4:1,838,400 

1 5,178,949 

1917 

32,201,900 

4,765,070 

1918 

23,375,700 

4,6:14,705 

1919 

34,420,500 

7,163,617 


List XV.—PIxports of Combeo or Cardku Wool and Tops. 



1013. 

1014. 1 

101 

1 

1010 


Quant It ion. 

V.iluo. 1 

QiiantHW 

Yiiliif. 

QuaiititioH 1 

Value 

QiiaiUilii's 

Value. 

To: - 

Ilw. 

i 

11)9. 

£ 

Ills 

£ 1 

11)^ 

£ 



10.1,00.1 

4:i:>,o.')4 

1,04.1,200 

02,782 

261,800 

34,185 

182,500 

20,74 



4,128,800; 

340,270 

086,700 

101.551 

2.086,700, 

257,48 


aHri.WO 

4MtHi 

460,0001 

37,002 

321,200 

.14,52.1 

550,200, 

60,6S 


4tMI,7(K) 

34,130 

440,400, 
11,420,000 1 

3.1,042 

401,000 

.50,001 

480,000 

.50,14 



l,i(W),30« 

804,114 

1,303,000 

126,818 

-- 

— 



l»7*i,.')04 

2.oio,:ioo! 

22'»,801 

1,920,400 

211,35 


‘2,:i7rt,40i) 

17(l,10i 

1,876,700 

140,08.') 

- 

— 


— 


1,108,100 

O.’lOJO 

604,800 

:)4,474 

3,5.50,400 

46.5,115 

7.861.200 

1,413,55 



28,0r)8 

260,800 

28,701 

414,400 

5.1,162 

101,300 

22,4(: 

S|m[ii . 
Hilly . 

Oit.t.OlM) 

84,.Ml’! 

040,600 

01,013 

345,000 

35.070 

78,400 

11,55 

2,0-l«,l00 

16*>,.V:7 

l,.'rt)tl,200 

! 124,531 

2,060,700 

2.16,141 

1 3.040,700 

530,86 


6I0,0(N1 

47.870 

22.1,100 

i 16,838 

— 



1 

.lupnii . 
OtinT 

:),U7,01KI 

618,203 

.l,708,10tl 

1 

4.51,048 

i 

854,300 

11.1,114 

278,200 

46,8< 

Fort'iKii 

(W7,i)00 

6i,:>04 

1 4!W,28(I 

1,707.200 

1.1.5,008 

567,.5(H) 

! 50.8e 

( anuda . 
Otlur 
llnihh 

i :{,078,100 

22.'i,.'>40 

2,008,‘KI0 

1 

1.'10,625 

i 

3,8.14,100 

308,252 

4,130,000 

1 .5:10,3: 

1 le.tH 

hIoiis 


- 

1 45,300 

1 3,072 

22,300 

2,320 

98,000 


Total 

143,633.100 

3,651,700 

36,840,300 

13,103,836 

' 16,200,900 

1,786,150 

554,600 

i 3,253,51 
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List XV.— ExroiiTs OK CoMiiKi) OH Cahukii W'ooi, .\xi) 
Toi'S coiiliiimil. 



I'M 

7 

l-MH 

I'll 51 

i 

KiV' 

V.i'uc. 


X.iliic 

(/ti.oihtlo' 

\.ihi. 

1 

T„ ! 

IIh 

i: 

ii» ' 

i 

lli^ 

i' 

1 It - 


i7.01J 





Swclt'n . , 


‘J,7(W 



l,«xI'».MIO 

J' > 7> * 

Norwn\ 


l\Xt 





I><'nmark *. 

11(«» 

Jl.'.T i 





(tiTI()Atl\ 







Holinnti 


57,(110 





IL litiinn 

1 






Knuiri' 

4.1 0(111, 


: . ’.•H* 

.*'7'' 



I’orhiK.il 

'A7(HII 

|0.'><H 

III .‘Oil 

(MIO 



. 


n.oso 





Il.ilv . 


f»‘''»,7oO 

(5.;iw ioo 

1 II (.'Mill 



AiiMn.i- 

! 






lluiii:.irv 







.lapan 

1.00(1 

J 'J 



10.100 

I.Hll 

OflHT Kori'Hiii 







('innilriiH 

1 t'l.'MIO 

5,7^0 

(l.loo 

I.OX. 



Catiadii 

-itO 

.V.*0,JJ1 

'i, 1 It.OIH) 

1,00'.,'>00 



(HIht Hnihit 



1 





li.MOO 

«U 51 

.'•,71101 

M-,1'4 




11. {" : 


r..04U>,000, 

l,•ilo,'l7l 

11.son (100 

.t.JJO,5l5H 


List XVJ. Wooi.i.kx .wd \Vonyii;i) Yahxs. 



liii| 

•ii. 

O' .. 

Ynir 

— 





W.-jj.lit to ll.v 

V.ilii,' III c 

K.iiiiit III II- 

V.ilii" III X 

l!IU() 

2:i,!w."),7ii:i 

2,141,018 

81,31,5,800 

7,177,82,5 

1!M() 

27..’>4(>,172 

2,795,571 

91,253,900 

9,018,394 

mil 

27,497,777 

2,852,308 

91,081,100 

8,919,888 

mi 2 

:t(»,.')8fl,909 

3,171,857 

87,888,900 

8,225,,587 

mi;t 

:t2,99:i,997 

3,.532,858 

80,11.5,300 

8,040,415 

mu 

I8,.788,.72.7 

2,085,810 

53,413,400 

,5,,541,987 

mi.j 

853,811 

81,849 

21,724,200 

3,189,988 

mm 

428,010 

80.785 

33,090,700 

8,444,240 

mi7 

113,849 

18,488 

23,752,300 

5,880,328 

1918 

1.5,038 

3,288 

18,377,900 

8,392,385 

mm 

2,828,705 

l,038„5O4 

32,230,100 

12,984,205 


I 
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List XVII.— Manufacturks of Wool. 



1 linpoilH. 

1 

KxporlsJ 


Valuo III t 

Vahio III L. 

1000 

6,148,004 

34,768,443 

1010 

.5,6.53,621 

42,6.50,823 

1011 

.5,637,.583 

42,6.52,068 

1012 

.5,802,602 

43,810,362 

ioi:i 

.5,772,801 

44,241,611 

lOU 

4,.506,8.52 

37,127,548 

101.5 

1,333,622 

37,267,130 

1016 

40.5,030 

52,356,300 

1017 

30,101 

58,202,401 

1018 

111,406 

.54,.503,161 


' III tins coluiuii flocks, slioddy, wools, and waste are 
included. 


List XVIII.— I.mports of Wool Dre.ss-.stuffs, Flannels 
AND Delaines. 




1911, 

1 

191.5. 

1 

1910. 

1 

1 

Qiiaiitii ii‘s 

Viihies. 1 

1 

1 

Qunntlllcs' 

1 

Vahica. 

1 

Qnantition 

Values 

Quant it ie). 

i 

Values. 

From: — 

YanN. 

£ 

Yimh. 

£ 

Yards 

£ 

Varda. 

£ 

Kranro 


:l,492,970 

95,294.824 

9,014,580 

1,914.615 

168,925 

712,820 

77,358 

3.):> 

(iermai)> . 

I:i,:t70,424 

1,009,791 

7,897,(H)2 

077,794 

4,.5.58 

5.53 

9.800 1 

Hotlnnd 

20i:,4-i0 

29,097 

217,220 

2l,9:U 

•171,.WO 

37,029 

I2,.*>69 

2,007 

HolKliiin 


10;t,880 

911,491 

91,709 

120,991 

10,264 

— 


SwItRorliuul 

Austria* 

i.2H7,n:)i' 

01.470 

824,082 

49,!).5:i 

1,879,211 

117,078 

475,495 

91,850 

Huiigurv’. 
Other 

111,077 

10,010 

r>0,90.» 

5,528 

— 

— 1 

— 

— 

Coiiiitrioa 

4fl,40;i 

2,845 

40,947 

5,184 

1,019.‘>0S 

79,182 

894,080 

1^2,722 

I<e»9 R(>- 

.*>0,080,80:1 

4,701,0.12, 

4.5,182,.'.01 

9,8.55,025 

.5,310,683 

412,231 

12,098,764 

i 

164,357 

exprirtH . 

7,a;u,fl7.i 

592,.V15 

7,99.5,019 

022,019 

1.217.:W8 

98,900 

! 1,110,715 

93,0:i0 

Xi’t hiii>oi1'i 

1 

.'11,255,1901 

4,108,497 j 

97,187,.542 

! 

9,232,980 

4,099,095 

:n:l,47l 

1 982,049 

71,307 
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List XVMll. Imports op Wool Drk.ss-stukks, Plannki-s, 
I)p;LAINKs r :> iiliiiltr ( l . 


I li'l'. pin pll'l 

I I 

[(iiiHiilitiiN \,\]nv'< Qti.nililir-* 1 V.ilin-i , Qii.iiiiiiio- VhIim»*. 
„ ' ‘ ; £ ' \ar.h £ 

r fom . - , I ' 

I J7.USS '7(1 r»I 

(icrman\ . , - ^ 

HoIIan.l .... .1 I 

IJcIkIiiiii . • - 1 .. I 

iSwitziTl.-uul ' i . ' 

Anstria-Hnutf.irv , Jl.'MI : 

Other (‘ountni'v JJ.O'i. j,i|« 1 ,U« | m; I . ! 


Lm'* H<-p\]x>rfi :<U.47^ 2«,4'i7 JJ.l 1(5 jM.dtw j.’i.dtij 

*N>t Importa . i4)^,!Ut l.vr* 47i’t:,ii j r-,;is | l.'.v.uii I 


List XIX. Imports .of Wool, ('i.otiis. 
pii ; I PII4 nil.-,. I'.iiii. 


Qlliilltiti,..,.; Viiliii'.*. Viililf< Qii.ui1iM>'rt Vjilii,... IJtliiiilitl,.^ VuliH'* 


1 

Vaid-. j 

£ 

\,.nl- ‘ 

£ 

^ .(fil- £ 

\ (inta 

i £ 

From: - ' 







1 

OcrniHii) 

i,os»2,nd 

164.0!.» I 

1.1 56,001) 

16-.,767 



j 

Holland . ! 


•vt.iHo ; 

')6'),6'.K 

101,401 

' 1,160,2'.'. ni,06s 

7h,067 

' H,|21P 

Ik'lKiiHU 

56(5.'177 

70,((.■•H ! 

10'..7V) 

51,074 

(,(H>0 ',00 



France 

()72,>5.'i6 1 

12 5,40.'. ! 

'.'•soot 

lon.jsi 

70.660 12.012 , 

ioi.:.,ii 

lO.MIO 

Anatria- 



) 




1 

HiinRary 

Other 

17,572 ' 

2,>*0S 

h',2,770 

120,616 

H6'.,17l 1 I4,6H0 


1 

I'oiuitrica. 

147,.m2 

1(1,661 

1 


1 

1 

166,224 

1 2'.,024 

j 

2,777, t7H I 


l.rU.lHO ' 

,'.50,142 

4IIKMIIO ] 

.'54K,«2'. 

.'.2,«72 

Leaa He- 



1 





exports . 

__1 

2H(i, 5(5{> 

1 _ ' 

'.1.64 1 

404,504 . 

Kl,712 

167,41 1 , 50,42 5 

01,1'.M 

12,(6) 1 

Xet Jiiiiiorts j 

2,4!)7,(JOi) . 

1 ; 

^64,'.01 , 

:S,210,7«6 

4.)7,4(W 

2,2d2,6U4 j 2;.l 7'17 

267,667 

4(»,671 
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List XIX.—Imports op Wool Cloths— po«<»n«p(I. 



1917. 

1918. 

1 1910. 


OuantltlcB. 

Values. 

Qiiantitlos. 

Values. 

Qimnlities.^ Values. 

From 

Yards. 

£ 

Yards. 

£ 

Vimls. 

£ 

(loriiKuiv . 

3.040 

889 

— 

— 

1 — 

_ 

]|oll;iiiil . 

— 

— 

-- 

— 

i 

— 

Doltfiiiia 

— 

- 

— 

— 

— 

— 

Froiuo 

103,704 

28,878 

71,330 

30,.'.67 

1 — 

— 

AiiBtrlu-Hiiiiiiury 

— 

— 

— 


; — 


Other Cmmlrios. 

19,377 

5,083 

342 

88 

< ~ 



130,721 

3:>,4.')() 

71,672 

30,6.'.:. 

, 225,062 

lo'i.oos 

llc-CN))ort« 

14,213 

4,502 

4,ll.{ 

2,1117 

1 20,478 

1 

17,274 

Net Im|iortg 

112,r»08 

30,888 

67,559 

28,618 

29.'.,184 

88,391 





CITAPTER XIK 


THE PiiEss noons, sti ee, and mninos iNPrsmY 

It is pTol)iil)le that liom llio rarlicsl days ilnms goods 
and fabrics goiiorally destined for women’s wear liave been 
very diversified in material, texture, and design. Tapiwtries 
miglit be more elaliorato in design and rieiier in texture, 
but certainly not so varied in style. It is probable that for 
centuries wool textures have occupied a leading position for 
women’s ordinary wear. Coarse woolbms of the “ winsey ” 
type wer(> no doubt manufactured in bidk for the lower 
classes; sonnnvhat liner fabrics of the serge type would be 
the bulk sorts for tbe better classes along with cashmeres; 
while the upper classes would more largely patronize silks. 
Linen was of course larg(dy used as an under-wear, and it 
is more than proliable that, prior to the introduction of the 
cotton frock, linen fabrics would be used fur a similar 
purpose. Our Eastern trade, dating from the seventeenth 
century resulted in the introduction of fine cotton goods 
in the shape of muslins, etc.; but it was quite late in 
the day before we were able to manufacture these and 
produce somewhat similar styles in wool under the name 
of ‘‘ mousseline-de-laine.” It is thus quite easy to under¬ 
stand how the Dress (loods trade of to-day has come 
to be so comprehensive in its employment of nearly 
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every textile fibre and every possible combination of the 
same. 

Prior to about 1837 all wool (woollen or worsted), all silk, 
all linen, and some few wool, silk, and linen combinations, 
were the standard styles. With the introduction of cotton 
warps about this time and the extended use of cotton about 
1856 the possibilities of the combination of various materials 
was more fully realized, resulting in what is known as the 
“ Stuff Trade.” Thus cashmere cloths,' which, prior to this 
))eriod, had been made from wool warp and wool weft, were 
made with cotton warp and wool weft; the Italian cloth, 
again a cotton warp and wool weft style, was introduce 1 or 
re-developed; the use of mohair in conjunction with cotton 
was exploited, resulting in the discovery of a whole range of 
fabrics variously .spoken of as Sicilians, IJrilliantines, Orleans, 
etc.; and a little later Sir Titus Salt placed his far-famed 
Alpaca .styles upon the market. Thirty years later, and the 
mercerizing of cotton again upset the commercial equilibrium 
of Bradford. Mercerized goods in a pure form have jrartially 
taken the place of the ordinary botany weft Italian, and in their 
varieties in the shape of lustred (Schreinered) goods and 
blistered or crepon styles have made a lasting impression upon 
the fancy dress goods trade. 

Largely owing to being first in the field, and to very successful 
spinning, Bradford has well maintained its lead in such 
dress goods as involve the employment of English wools, 
mohair, alpaca, etc., these being termed hard goods as distinct 
from the soft Botany styles. With these latter styles the 
French always seem to have been the most successful, simply 
because of the style of combing and spinning adopted, 
Bradford early adopted the Danforth spindle or cap frame. 



DRKS GOODS, SriJDK, AN'D I.INIXOS INDrs'l'KY IGS 



Fio. I)2 k. W.iiping, Sizinjr, otc , rrorc-soH. 


a spinning machine ndmiralily adapted for the iiroduction 
of sad, solid Holany yarns' typically suited to the Italian 

' Itoughno.-, inii't nut be ini.'taki'ii for fiitiic'i. The eap (riiino cun 
only be eon'idcied to spin a “ full ' juiu in anupai'isou with the flyer 
frame. 

fi 












and worsted coating trades. France placed its faith in the 
mule, and by the time of the Great Exhibition in 185l’had 
already made a name for soft mule-spun fabrics. From that 
time to the present, notwithstanding both public and private 
endeavours, France has well held her own. True it is that 
when fashion favoured the hard stuffs of Bradford, Roubaix 
seriously discussed the possibility and advisability of 
adopting Bradford’s method of spinning; but upon the 
whole they have lost nothing by keeping to the mule. 
Within the la.st two years Yorkshire has again seriously 
considered the advisability of producing more mule-spun 
yarns, the Chamber of Commerce taking a strong lead in 
the deliberations held, and several firms have now suc¬ 
cessfully overcome the difficulties, both practical and 
economical, and are placing on the market mule-spun 
worsted yarns as satisfactory and as cheap as the French 
yarns. In such goods as Amazons these mule-spun yarns 
are employed as warp with a woollen yarn as weft. This 
woollen yarn, of which tons are used in Yorkshire and 
Scotland alone, is spun in Belgium and France, no English 
firm having yet been successful in its economical pro¬ 
duction. With the success that has attended the attempts 
to produce mule-spun worsted yarns still markedly in 
evidence, it will be a strange thing if Bradford does not 
seriously attempt and succeed in producing this most 
important woollen yarn. 

The Dress Goods, Stuff, and Lining trade is almost wholly 
located in Bradford and district. In mohairs Bradford still 
has a practical monopoly, although the piece trade is 
threatened by the export of “ tops ” and “ yarns ” to Conti¬ 
nental centres and the United States. In all bard stuffs 

* Or even prior to this, as Arthur Young, in his “ Travels in 
France prior to 1794," refers to France's supremacy in these goods. 



DliESS GOODS, STDFF. .\ND I,l^•l^•|iS INMU'STRY 


Bradford still loads, altli(m!{li both tlio Unitod Statos and 
the Coiitiiiontal contros are f;ra<luallv la'oomiiij' proliciont 
in the niani))ulatiou of Ktij;lisli atid oross-brod wools of tlio 
long type. Boiibaix is the gro.it rival of Bradford, in Kranei', 
and (lora-droiz, Tittan, Bariiion. Elborfold, Moorano, and 
Glauchau in (lormany. In the Unitisl Statos the mills wore 
so mnch engaged in the inodiiotion of bulk .sorts in the lionio- 
grown wools that little otidoavoiir was tnado to prodnee 
European fine stylos until ([uito roeontly. To-day the mills 
of Pa.ssaio are producing liiu^ dro.ss goods soeoml to none. 

The sup[)lios of raw materials are derived as follows: - 
Oldham and Bolton su|iplv the col ton warps, usually spun 
from best Egyptian or Sea Island cotton, but soiuotimos from 
American; Asia .Minor, the Gape, Gahfornia. and to a small 
c.vtent Australia, siip|)ly tuohair; South Amori(;a supplies 
alpaca, vicuna, and llama wool: India supplies cashmere and 
other wools; England. New Zealand, and South America 
su])ply long and cross-breil wool: and Australia, tlu! (Jape, 
and South America supply the line Botany wools ris[uired.' 
Spun silks arc now manufaidured in Bradford and, close to, 
at Brighouse, the raw material largely coming from A.sia and 
the latest from the (.kmgo Slate : whih; the net silks reipiircd 
are obtained from .Macclesfield, the Continent, or China and 
Japan. 

The organization of spinning ha.s been dealt with under 
the heading of the Worsted Industry. So many and varied 
are the materials and counts of yarn used by the dress 

* Oaniidiau merino wool is just linoinumj; to u|jj«sir in liriidfor.l. 
In the IJ. S. A. .some most useful ''domestic” or " tei’ritory ” wools 
are now grown. 
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roocIh nianufiicturor that it would be an economic imposBi- 
bilily for him to spin the yarns he requires; he must buy 
on the open market. 

Cotton warps are delivered in Bradford in the “ ball ” or 
“chain” form, and are dressed in the factories on to the 
loom beam.' Mule-spun and delicate wool warps are sized 
and run directly on to the loom beam by the warpers and 
sizers, who supply the yarn at a definite price per pound on 
the loom heam. If it were possible to hank-dye and wind 
1- lO’s cap-spun yarn without undue waste, Bradford would 
soon develop a coloured dress goods trade. As it is France 
still retains by far the greater part of this lucrative section of 
the industry, as Bradford is largely limited to piece-dyeing. 

The dress goods manufacturer restricts his energies to 
the warping and dressing of his yarns and the weaving of 
the same. Ilis looms may ho plain looms, box looms 
(frequently boxes at one end only), (lobby looms or 
jac(iuard looms. As the trade is very liable to violent 
lluctuations from figured styles to plain styles, most fancy 
manufactunsrs make arrangements to sling their jacquards 
up and emi)loy their looms as tapi)ct or (lobby looms as 
occasion demands. The looms used are largely made in the 
West Biding of Yorkshire. The number of looms in a shed 
will vary from 50 to 5110 or even 1,000 with the accompany¬ 
ing warping, dressing, twisting, weft-room, and grey-room 
arrangements. The organization is comparatively simple 
as con)pared with a combing and spinning mill. 

Some so-called manufacturers have no looms at all, 
getting their goods woven by “commission weavers.” 

* There is now a tondoacy for the spiunor to fleliver warji yarns 
ready dressed onto the loom beam. 
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These firms are u.suall)- very limited in their turnover, 
although it is but fair to add that there have been some 
remarkable exceiitions. 

When figured goods are in fashion the designers and 
card-cutters form a very important section of the trade. 
The larger firms keep their own designing staff and card- 
cutters, but the smaller firms usually employ one of the 
independent public designing and card-cutting firms, who 
supply sketches to select from, point paper designs, and 
cut cards at a comparatively small price. 

The styles of fabrics produced range from plain cloths to 
elaborate figures. The following particulars resjieeting 
(1) a plain lustre fabric; (2) a figured lustre fabric; (3) an 
all-wool Botany dress serge (cap-spun); (1) an Amazon or 
soft dress fabric ; and (fy) a Botany Italian, will give a good 
idea of the variety of texture to be met with in this trade. 


1. l*/ain /.nslre I'aln'ic: 

\Var/t. nV/V* 

All 2/S(r« Kj'vptifln or Son All 1/I2’s Grey ^(ohalror Lustro 
Islniul lllack cotton. Knglish. 

reoil I’s = K) threads per 16 picks per inch, 
inch. 

Crosp-dyod black, lustre tinish. 


2. I'iiiHrctl Lustre Fabric: (iround urave plain, 

Kfirp. nV/^. 

All 2/IOO’s bleached Ef^yptinn or All 1/;J2*8 AVhite Mohair. 

Sea Island cotton. 72 to 76 picks per inch. 

62‘r I'ecd 2*8 or 64'.'* i*ced I’s — 

61 thmds per inch. 

Finished White. 
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H. All-fVofI ffi’n/c: Wcairij'i Twill. 

IYiiri>, IVtfl. 

All 2/.)fi's Cup-Spun Hotuiiy. All I ’.'IO's llutiinv. 

I6’« reed d's = fid thrwids per fil picks per inch, 
inch. 

Djed any shade requiicd, and given ordinary serge liiii.sh. 

4. Aimziiii: lYmvf: reirnc o Salreii U'dip Fnre. 

ir«r;). If'(/C 

All 2/.iR's Cap-Spun Rotany, All -III Skein Woollen. 

or l/;i()’s Jfnle-Spun Botany. fifi to 40 picks per inch. 

24’s reed li's = 72 threads jinr 
inch. 

Dyed any shade required, and given a V'cnetiun or Doeskin finish. 
6. lUituin: H'rair; j Snieeii fl'e/l /■’arc. 

ITarp. Weft. 

AU 2/oO's Black Cotton. All l/fiO's Botany (grey). 

2()'s reed 4's. 120 picks ))er inch. 

Dyed black, and given a solid lustrous Italian finish. 

The finishing of dress fabrics, etc., is almost wholly in 
the hands of the Bradford Dyers’ Association, although, as 
previously remarked, there are a few not altogether un¬ 
important firms outside the combine. If the combine has 
maintained prices at a high standard, it is but fair to add 
that they have made most marked advances in the methods 
of dealing with the large variety of goods continually 
pouring into their works, and, in addition, have introduced 
.some new finishes of .surpa.ssing excellence. The Association 
is now actually indicating to spinners and manufacturers 
the selection of raw materials and spinning and weaving 
necessary to produce specific finished styles. 

As in the case of the worsted coating industry, there are 
two marked divisions of the dress goods trade—the home 
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section and the ex[)ort or shipping section. Again, some 
firms merchant their own goods, and others work in con¬ 
junction with the large merchant houses. Unfortunately, 
Bradford trade terms are not standardized as are Manchester 
terms, so that conditions of sale and purchase vary con¬ 
siderably-sometimes for the good of the industry, but 
upon the whole, to tlie detriment of the industry. 

The recent development of Bradford’s trade in mercerized 
goods is worthy of more than ])assing comment. When, 
between 1890 and li)00, Bradford first took uj) this trade 
it was supposed that it would ultimately drift into Lancashire. 
Altliough this has partly occurred, Bradford has considerably 
more than held its own, and to-day is making large (piautities 
of these goods for both the home market and for e.xport. Of 
course this trade has cut at the s|)un silk and in part at the 
Italian industry, but upon the whole the gain has been much 
greater than the loss. 

Artificial silk manufacturing also seems to have largely 
centred in Yorkshire, to-day large cpianfities of these goods 
being produced, more particularly in the Bradford district. 



niAPTEn XIV 

THE TAPESTllY AND CARPET INDUSTRY 

The tapestry and carpet iiuiiistrios are fiO(jneiitly but 
not always allied. It is but natural that we should be able 
to trace the arts of tapestry and carpet weaving more 
definitely and perhaps farther back than the art of weaviu;' 
ordinary fabrics, which, bein<' simpler, diil not claim 
the attention that the production of elaborate tiuit drapiiiRs 
claimed in the early days of the human race. As already 
pointed out, it was but natural that elaborate figure 
weaving should early develop in the family period of the 
industry, and that elaborate styles of an artistic character, 
unsurpassed even in those days, were to bo met with not 
only in the eastern but also on the outskirts of the Avestern 
Roman Empire. The Normans, tor example, controlling the 
labour of England, built cathedrals and churches; in Sicily 
they not only caused churches to bo built, but most 
elaborate and inspirited tapestries to be woven. 

The draw-boy loom was introduced into England from the 
East during the Middle Ages, and it was no doubt already 
largely employed on the Continent. This mechanism 
certainly facilitated the production of large repeating pat¬ 
terns to a very considerable extent. Early in the nine¬ 
teenth century Jacquard, with some more or less important 
improvements on the machines of his predecessors 
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and contemporaries, produced what is known as the 
Jacquard loom, and about 1830 this machine was success¬ 
fully combined with the power-loom and made almost 
as complete a success as the ordinary plain power-loom. 
So little was the success of the Jaccjuard power-loom 
known outside the Bradford district, however, that the 
writer well remembers in the year 1884 or 1885 a 
supposed authority in the trade questioning whether it 
ever could be a success as a power-loom, i.c., twenty or 
thirty years after it was running by the hundred, or 
perhaps thousand, in the Bi adford district. To-day the 
tapestry loom is a magnificently harmonised combination 
of .lacqnard, dobby or tappets, box motion, letting-off 
and taking-iip motion, and is employed upon the simplest 
kinds of tapestries, consisting of little more than reversed 
warp and weft sateens, up to imitations of the Gobelin 
tapestries. In Big. (>3 a standard tapestry structure is 
illustrated. 

The carpet trade may be divided into three branches, 
viz., double-structure or Kidder or Scotch carpets, tufted 
carpets, and true pile carpets. Double-structure carpets, 
no doubt, had their origin in stoutly woven fabrics to be 
employed as floor coverings, probably in the first instance 
for the ladies’ apartments of the old baronial castles in 
the place of rushes, etc. To make a stouter and better- 
wearing carpet would naturally lead to the weaving of 
two cloths together, and from this would come the idea 
of figuring by an interchange of the two cloths—back to 
face and face to back—the colourings of back and face 
fabrics being designed to give the utmost value to this 
change (see Big. G4). A special form of the Jacquard loom 
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to facilitate the figuring of these goods was also a natural 
outcome. 

Tufted carpets undoubtedly came to us from the East 
in the first case, Turkey carpets being probably known 
long before any attempts were made to produce such 
fabrics in western Europe. Largely owing to the definite 
endeavours of French statesmen—Colbert, for example— 
tufted fabrics were made in France during the sixteenth 
century, and from that date to this the noted Gobelin 
factory has been turning out most elaborate examples of 
these fabrics, in many cases reproducing with a most 



Fm. (>4.—Scotch (’iirpet. Stnicturo. 


wonderful exactitude the paintings of the most celebrated 
French artists. A more practical, if somewhat less artistic, 
hand-loom woven style of tufted carpet was developed 
during the seventeenth century, and owing to James L, 
in the seventeenth century, introducing this industry 
from Flanders into Axminster, in Devonshire, these carpets 
have become known as Axminster carpets. Briefly, they 
consist of a firm canvas back or foundation cloth—woven 
at the same time as the tufts are introduced—into which, 
row by row, tufts of the colours necessary to produce the 
pattern are firmly latched in by hand, and cut to the right 
length. Thus the only limit to this type of design is the 
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number of tufts wliieh it is [lossible to insert across and 
lengthwise of the carpet. As tliese tufis are now introduced 
medianically from liobbins Indd on bars mechanically presented 
across the “ fell ’’ of the piece, and as the number of bars from 
a practical point of view must be limited, so is the form design 
limited in both war[) and weft direction (sec Fig. (ib). There 
is, however, no colour limitation .save such as economy impo.se.s. 
The Axmiuster jiower-loom was in ented by .Mr. Alexander 
Smith and Mr. Halcyon Skinner in the I'niteil States of America 
about the year IS.'it), but it took some twenty years to establish 
itself in this country. .Many modilicalions of Axminster 



Tio. <i6.—Axminster Stiufturc. 


oai'pcts arc now placed upon the inarkiit. In the most 
important of these the tufts of colour reipiired in one line, 
across the ultimate carjad are first woven into a gauze thread 
to form a “ chenille ” yarn, as many of these variously coloured 
tufted thn^ads being woven and cut as is neces.sary to produce 
the pattern in the carpet, line by line. These are then most 
exactly woven along with the giound texture of the carpet, 
the loom throwing in, say, three ground picks, then the 
coloured chenille pick, and then stopping until the weaver 
has placed this in “ register ” to continue exactly the pattern 
already produced by the previous coloured chenille picks. 
Then the weaver touches a pedal and the loom again repeats 
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its four picks and stops. There are many varieties of these 
carpets, hut such is the basis of .structure and production of 
all. 

How long wire pile carpets—now called Brussels, Wilton 
and Tapestry carpets—have been in vogue is diflicult to 
estimate. As the name “ Brussels ” indicates, the industry 
originally came to us from Flanders, probably being intro¬ 
duced into Wilton in the year 1770, the development of 
this industry, as in the case of many other industries, being 
due in part to the definite interference and endeavours of 
certain of our sovereigns, and in part to the Continental 
religious persecutions, which drove skilled fugitives to our 
shores. Once here, it naturally spread, Glasgow, for 
example, probably receiving its carpet industry from Bristol 
by sea, just as Glasgow, in the early part of the nineteenth 
century, came across the Cashmere shawl from its shipping 
connection with the East, and evolved it as the “ Paisley 
shawl.” Of course, the first pile carpets were hand-woven, 
but in 1844 to 1850 the United States of America, always 
on the look-out for labour-saving contrivances, brought 
out the wire-loom (Bigelow’s), in which every motion, from 
the shedding to the insertion of the wire, was controlled 
mechanically. Messrs. Crossley, of Halifax, soon took up 
this mechanism, and upon it built up a colossal concern. 
They were later followed by others, who applied the 
mechanism in a variety of ways. The three varieties of 
this structure are formed as follows:—The true looped 
Brussels is formed by looping wires and distinct coloured 
threads (or “ frames ”) for every colour in each row length¬ 
wise of the carpet (see Fig. 66). These coloured threads 
are lifted over the wires by the Jacquard (i.r., lifted as 
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required (or tlie insertion of the wir('s) to form the reipiired 
))attern. The Wilton carpet is but a cut. " Brussels ” with 
e.ertain slight inoditications—for example, a slightly niodilied 
ground structure, and a longer pile. The tapestry carpet is 
produced from but one pile waq). this war]) having t he reipiired 
pattern printed on it in an elongated form, so that when 
the take-u]) in weaving is I'tfected by the wireing the right 
])ro])ortions for the true development of the <lesign will 
result. As would be expected, the ])attern is not so clearly 



Fig. 66.—Three-frame Brussele Carpet Htruc ture. 


defined as iu the Bnassels or Wilton carpets, and as it does 
not contain .so much material—having only one pile warp 
in place of several—it is not so ela.stic and consequently 
does not wear .so well. The greatest defect of the Brussels 
and tapestry carpets is the tendency to “ sprout,” i.c., to 
have long lengths of pile pulled out of them by a nail in a 
shoe, etc. This, of course, cannot occur with Axminster or 
Wilton carpets; hence their advantage. Well-woven 
Brussels carpets, however, should never develop this defect 
with fair usage. An interesting fhet about Brussels, etc., 
caipets is that if they are not woven in squares they are 
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usually woven in widths of uhoul twenty-seven inches, i.c., 
the old Flemish ell and French aune. 

The tapestry industry is dispersed over the country, 
being located principally in Halifax, Glasgow, Bradford, 
Carlisle, and also being instituted as a “ home industry ” 
in Ireland and England on very successful lines. Ou 
the Continent the centres are Paris, Itouhaix, Berlin, 
Chemnitz, Crcteld and Vienna, fn the United States, 
New York. 

The carpet industry is largely locattsd at Halifax, 
Glasgow, and Kidderminster in this country. 

The materials consumed are silk (both net and spun), 
wool (chiolly English), mohair, hemp, jute, cotton and 
China grass. 

The mill organization is naturally very elaborate and 
expensive. Messrs. John Crossley V Sons, of Halifax, for 
example, have premises extending over many aci’es and 
employ 8,000 work-i)eople. They jiroduce Brussels, tapestry 
and Axminster carpets. The firm of Jlessrs. James 
Morton Si Co., of Carlisle, is remarkable chiefly because it 
has organized an elaborate Irish home industry for the 
production of many articles yet unproducible mechanically. 
There are some large carpet firms in the United States, and 
even Canada po.saesses a most progressive carpet manufacturing 
concern. 

The methods of production, etc., so closely resemble the 
methods employed in the dress goods and stuffs industries 
that little further need be added. The designing room is, 
of course, pre-eminently important. The art of tapestry 
carpet designing, for example, is that of using the limitations 
of structure and colour as bases for design. Again, the 
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mixing, printing, and fastening of the onhmrs upon the 
threads which arc to form the pile in the carpet nect'ssarily 
claim most marked attention. In .\xininster carpet designing 
muititiidino\is gradations of every C(aieeival)le colour arc 
conveniently arranged for tlie designer to select from. 

• Two branches, or rather sections, of the textile industry 
are not dealt witli here, tlie hosiery iinlnstry and the 
rihhoii, braid, and trimming iiidnslry. The hosiery 
iinlnstry lias now attained to such diiiieiisions and is so 
intimately associated with the stockinetle frame and lace 
machine that it of necessity claims distinct treatment. 
The ribbon industry is so intimately eoniieeled with the 
bandolier, lace, and other narrow goods indiislry that it 
also is of sMitlicieiil importance to he considered as a 
distinct industry. 





CtTAPTEP. XV 


KII.E TllllOWINCi AND Sl'INNINB 

Silk miiniitiicluro hiis luul tliu iidviuilaf^'u iliii'iiif' tlie 
Iasi leu or Uvnlve years of eoui)ieleut iiislriietiou in Ihe 
leclmoloKy of Ihe raw iiialerial and ils mani]iulaliou and 
weavinj,', loi;elher wilh ils nilalionslii[)s to oilier le^lile 
lihres. The leelinie,il eollei'es ot Manchester, liradford, 
lieeds, and Maccleslield liave made special arrangements 
and facilities for understanding the whide, ian;^e ot study 
from the production of the cocoon to the weavine of the 
fabric. 

In the scope of a shiffle chapler it is impossible to 
allempt any detailed description of the various processes 
of reariiif;, reeling, throwiuf; or spinning through which 
this interesting and beautiful fibre passes before it is fitted 
for the manufacturer, and wo must therefore limit it to 
general characteristics, and especially as an important 
article of commerce, to the increase and improvement in 
character, with the causes which have led up to them. 

That there has been an expansion will be seen later on 
by the figures showing the export from the vai ious silk- 
producing countries, and the amount consumed by each 
great centre of manufacture. As far as our own country 
is concerned there is a general impression that silk weaving 
has materially decreased, and the closing of throwing 




Fuj. (i8.—Silk Reeling, 1900. 
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niilla and silk factorios in Derby, Nottingham, Coventry, 
Maeelesfiidd, and other towns gives colour to this eon- 
cliision. ]Jut it must he remetnhered that great economic 
changes have hikim place during the last thirty to forty 
years. London is no longer the port of deharcatioii for 
the Kastern silks of China and -Japan, and consequently the 
centre of distrihiition. The Last India Company has ceased 
to hold responsibility for tin; imi)ortation and sale of our 
East Indian colony. The shi))ping companies now dis¬ 
embark their silk freights at (ienoa and Jlarseilles as well 
as London, and the .lapanese send a large contingent 
of their production across the I’acilic to the American 
continent. Then, again, the evolution of the power-loom 
and its adajdation for silk weaviiig has practically displaced 
the occupation of the old hand-loom waaiver, and by its 
introduction a single opcaative will he producing four times 
the amount as in the former days by the older methods. 
A general desire tor cheap fabrics within the purchasing 
power of the million has greatly stimulated the mixed 
goods trade, and the looms of Scotland, of Yorkshire, of 
Lancashire and other districts are now engaged in weaving 
this textile in comhination with others, especially with 
mercerized cotton and wool. In spinning and throwing, by 
the introduction of better reeled silks, and the adoption of 
the faster running gravity tqnndle, the production has been 
nearly douhhid, and consequently an ecpial weight is turned 
out with one half of the lahour formerly employed. It is, of 
course, natural that those countries where the raw material 
is indigenous will endeavour to take a first place, or where, as 
in the case of America (a self-contained continent), a desire 
is manifest to retain the supply of its people in every 
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department of industry in its own hands. wlii(!h they now 
do by a heavy jwotective tariff, In addition to their own 
eonsmnption duriiiK recent years they have he(‘n able to export 
silk j!Oods fo Kneland and other countries. 

The followiuir table of imports of raw silk for .Vme.riea 
•from the years to end of lt)l!) shows tlie immense 
ex|iansiou of tlie silk industry in this isamlrv : - 
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It will he seen from tables which lollow ol the world's 
production that America lias taken some ftO per cent, of the 
l.otal amount. The imjiorts from Japan alone duriiij’ the year 
11)19 have reached !)() per cent, of that country’s exports. 

The followiiifi talilefp, 'iOti) of silk jiroduction and export of 
the V'arious countries where sericulture is carried on show clearly 
that the weipdit has heen nearly trebleil durino the, last fifty 
years. 

The.se figures do not include the silk used by the natives 
of China. Jaiian or India. VVe know that they retain a very 
large contingent of their reelings, both for home consum|>tion 
and export of fabrics. 

iVote.—This table, rwpiircs .some explanation. Uji to the 
year 1884 statistics of the countries of Kuroi»c were grouped 
with those of the Levant and India. From that date up to 
the present time the yield in Italy, Austria and Hungary does 
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Tabi-k showing Stlk Production and Kxport of the 
Various Countries (in Bales of 100 Lbs. each). 
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(which includes Persia and (Central Asia), takinj; an average, 
has more than doubled. Tim decrease during the years 
191.') to 1919 m.ay be attributed to the effect of the War in 
Asia Minor. India appears to sliovv a decline of a .seriou.i 
nature. Up to 1889 the industry was protected and fostered 
by the control of the East India Com|>any. After its with¬ 
drawal the decrease! has been accentuated year by year, 
))artly owing to the ajiathy of the native reelers, who preferred 
to reel the coarser silks for native manufacture, but mainly 
through the closing of the Bengal filatures worked by European 
capitalists. Their mills were employed for the production of 
silk .suitable for erport to Europe, but this proved unprofitable, 
owing to various economic conditions in India. The country 
manufactures more silk than it produces, so that it is difficult 
to iuscertain its full complement of production. The Chinese 
c-xports have doubled as compared with those of fifty years 
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ago. During tlm last twenty years they liave. remained 
stationary at about 100,(HK( bales per annum. This only 
re|)resenta about one-half of their produc.t ion; they retain 
fully 100.000 bales for home con.snmption. From 1885 to 191!) 
the Cantonese' have doubled their e.\pi>rts, and by the establisli- 
nient of filatures einder European manageini'Ul thev have 
impro.ved the ([uality of the silk and increased the di'iuaud for 
it by American and European manufactriri'is. Tin' greatest 
e.\|)ausiou in the world's production is altiibutable to the 
.fa))anese, which has more than trebled it.self since tin' year 
1900. This is owing to their e.'ctcnded cultivation of the 
mulberry and their improved nn'thods of ri'aring ami ns'ling. 
It is well known that thi'ir manufacturing rwiuireim'uts have 
increased in lik(', proportion. Tlu! home, demainl and tiu' 
manufacture of fabrics for e.\port probably account for the 
retention of at lea.st one-third of the tot il yield in this country. 

The cause of this incriaised output is not attributable to 
a single department of its cultivation and muni|inlatiun. 
All along the lino ll’esbu'ii science has been brought to boar, 
resulting in improved methods of rearing, reeling, and 
spinning. In Fi-ance alone the production, which in tlu' 
year 1820 reached 1,()()(),0()0 lbs., trebled itself during the 
following decade, and between the y(!ars 1810 and 18,').') 
the estimated production was 4,,')00,000 lbs.; but this 
excessive development brought in its train serious con¬ 
sequences. The large breeders brought millions of worms 
together in one room, an overcrowding which induced a 
serious disease, and nearly threatened the extinction of the 
species throughout the whole of ^Southern Europe, and 
more or less in China and Japan, but without such serious 
results in th$se last-named countries. 

This catastrophe, however, laid the foundation for greater 



care in the breeding, and conseciuently for the better results 
of which we now reap the benefit. The whole world of 
sericulture will ever be indebted to M. Pasteur, who in the 
year 1865 was called to the rescue from what in France 
was looked upon as a national calamity. After two years of 
close study and experiment he succeeded in discoveriikg 
and pointing out the cause of the malady and the means 
of preventing it. In this first i)lace, healthy seed was 
imported from Japan, the country which had least suffered, 
and so the practice of cross-breeding became universal, and 
amongst the best “gralneurs” to-day great care is exercised 
in the selection of the fijuist cocoons from the various 
districts in order to establish new and healthy breeds of 
silkworms. The main remedy was effected by the practice 
of “cellular incubation,” viz., tbe examination of the eggs 
under the microscope, in order to ascertain it tbe |)roduc- 
tion of each moth had within it the source of infection for 
a future race. During the next ten years this method of 
inspection was adopted by ev(U-y well-ordered establishment, 
in every country, with the exccsplion of the Chinese, who 
still suffer from year to year by their antiiiuated methods 
both in ((ualily and quantity of the seasons’ yield. 

A book recently published by M’Laurent de L’Arboiisset, 
of Alais, France, and translated from the French by 
Mlizabeth Wardle, the talented daughter of the late 
Sir Thomas Wardle (President of the Silk Association of 
tiniat Britain and Ireland), reveals to us other causes of 
improvement than those of interbreeding and microscopical 
inspection, important as they are. The mulberry, the staple 
food of the Bomlnjx mori, is now cultivatetl under the most 
methodical and improved conditions, and calculated to 
afford the highest degree of nutrition. By careful selection 
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of lioaltliy stock iilaiils, {>riiftinj;, jinmiii}>. oiul jiulieiium 
f'atheriii}; of the leaves, (‘specially dinin}' the earlier 
Rrowlli, a more succulent and noiirisliinc food is olitaiimd 
and llie tre('s ani belter able to resist llie fungoid diseases 
to wineli tliey are liable. Mat'iianeries (rearing sheds) are 
more carefully wanned and ventilated, the silkworms are 
better spaced, and by cleanliness and nnld fumi^alions of sul¬ 
phurous acid or fonmdin the silkworms are kept freer from 
the disijases to which (hey are liable, and consi’ipiently spin 
a more robusl cocoon, better in ipiality and the thread of 
onater lenoth. In niarkelino th(‘ cocoons ihey are class!- 
lied as to ipialily, and in slovino (with the ohjeci of killino 
the chrysalide) new and improved apparatus has been 
introduced. The ]a“asanls in country districis adopt verv 
])rimilive means ol ell'ectino this. One melhod described 
by this W'nti‘r is that of sidijeclino (hem to the hakino 
ja'oce.ss. .After the bread has liei'ii wilhdrawn fi’om I he 
hak(>r's oven, the bare arm is thnist into it, and, if the 
heat can he borne without scorchino, the cocoons, jdaced 
in baskets, ari‘ then inserted and retained until the 
operator is satislied that life no lonoer remains. Steamino, 
however, oives a much better (piality of libre, and in the 
absence of specially-constructed apparatus they aio jdac.ed 
in baskets over a copper of hoiliii},' water, and after a 
complete desiccation spread out in the sun to dry 
thoroucbly. 

By the adoiition of the forciooin" methods Ihe net yield 
from one ounce of f'raine, m- cogs, has duriiif' the last 
twenty-live or thirty years been trebled, and in many 
instances (piadrupled. It is now’calculated that from this 
incubation of he.dthy and carefully-selected sued seventy 
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Idles of cocoons may be produced, 90 per cent, of which are 
of the first quality. But we pass on to note the stages by 
which the reeling has been brought up to its present 
standard of efficiency in the improvement of the reeled silk 
and the lowered cost of lu’odiiction. In the year 1820 a 



French inventor, Gensoul, of Baguols-sur-Leze, introduced 
the process of heating the reeling basins by steam, which, 
by removing a separate oven for each basin and the driving 
of each reel separately by hand, enabled the workers to be 
placed nearer together oil one table, and by one driving-wheel 
the whole line of reels are worked by the same motive power. 



SILK TllliiiWlNG AND SPINNING .3ni 

In 182H a furlliei’ imiirovmnt'.nl was iiitrodnccil by ClImmlKin, 
of Aliiis, whit'll estahlihlieil llic univtirsal use of lliu C’l'ois- 
sure W’liifh improved llie reeled threads hv makin;^ tlumi 
rounder and more eompiicl ami homoaeneous. I'nforlu- 
nately tliis apjiaralus f;ave rise to what is known in llie 



trade as “mariages,” or douhle threails running parallel 
together on the reel and needing separation in the winding 
and throwing of the silk for manufacture. This has been 
obviated by the use of the Tavaletteeroissure, each separate 
thread being crossed upon itself (with thirty to forty turns), 
and is carried singly by means of small pulleys on to the 
reel. The waste material on the outside of the cocoon, 
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wliidi had to ho removed liy the whisliiii'' of a brush in a 
separate liasin, and liy liand, is now ett'eeted l)y antomatic 
inaehinery. The worli of one reeler was under tlie older 
system eonlined to two sets of coeoons. (From four to six 
tlireads or cocoons are comhined to make one thread of 



Fin. Tl. —Tlie Jette-bout, combining Five I'ocoons in Ono Thread. 

raw silk.) Now, under the new conditions, the reeler can 
easily superintend in one enlarged basin from four to six 
sets of cocoons, in addition to which the reels can be driven 
faster. In spite of the mechanical improvements in the 
apparatus used, it is ndcessary that great care should be 
exercised in order to avoid those defects which would impair 
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im. 7J. —I •uvet. 



I’lG. T-'i—Bouchooa or tfiubs. 
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the (ni.ility nr ciume troulile in the \\eiiviii^'. A few of the 
iiiiljoi'fectioM.s to which hud reeling gives rise may he indi- 
cuted. ^ J'h'rst, Diivel gives the appeurunce of short lil)r6S 
tlirowii oir from (he main continuous thread. This was 
attributed formerly to tlio silkworm spinning an imperfect 
have on the cocoon: hut while there may he variation iji 
thickness between the first and last end of the spun thread, 
tlnsre is no mechanical imperfection caused naturally. The 
microscope reveals to us the real cause, either frequent and 



Fui. 7-4.—Knots. 

imperfect joinings as the cocoons become attached to the 
main thread, or stiU more by an uneven temperature in the 
reeling basin (which should be kept at 140 to IfiO'-' Fahr.), 
thus causing the silk to unwind itself unevenly and cause 
small loops. Secondly, Foul or ,S7«/w (bouehons) present 
a more aggravated form of the above-named detect, the 
layers of the thread on the cocoon coming off eii masse. 
There are few productions actually free from this fault, and 
the native roelers of China silks are so careless that it is 
only by passing the thread through cleaners (steel blades 
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closcil so its 111 sliiji till' lioucliiins) lliiit. their |inichu'(iiins 
can lie ntilizeil 'rhinlly, Kiiutt arc iiniiviinlahlc. Imt liy 
careful nvcrsiclit they may he mhiimizcil, ami nmlcr any 
circninslanccs he neatly imule. |■'omthly, Ihinn hniierfeetly 
joined toeether eive the thread an o|ien and soft a|i|iear- 



I'le. T-'l.- Ili|iel ll‘^■tl. .iiimiil 

mice. 'I’hev are mainly eansed dm my a tem|ioraiy 
stoiiiiaye i ! tin leehny, nuiiie nl the ihieads from the 
cocoon dryhiy mine i|meMy than nlhei,-.. h'llthly, 
eive lh(‘I In call a ei e|ie 1 a|i|iearaiiee. and are |iioihieed hy 
tile hreakaye of one id the haves when it is neee^saiy to 
reduce the numher ol the l■lleoolm. 



Fill. ■il.-VnIli- 

Mo.st of these faults may he diseeriied while the silk is 
in the raw or emu state. Diirine the last decade a nnieli 
graver im|)erfectiiin Ihiitiiot new hy any means) has formed 
the suhject of eontroversy amongst ex[ierts. It is known 
as silk louse, causing an apiieariuice when diselmrged or 
dyed and wotnid on the hohhin of specks of dust. When 
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placed under a high power of the microscope these minute 
specks present the appearance of numberless fibrils indi¬ 
cating a rupture and division of the original have and brin 
of the silk. It has been variously attributed to (a) the use 
of disinfectants in the rearing sheds chemically disin- 



PiQ. 77. —Silk-lousp. 

tegraling the fibre; (b) an imperfect croissure, the reeler 
failing to give the necessary number of turns of the thread 
upon itself; (c) undue punishment in the process of 
boiling, dyeing, or lustreing, specially the latter. So far 
no satisfactory solution' has been arrived at, and it is most 
probable that it may arise from a combination of causes. 







TIlliOWINO AMI SI'IXNINU *ii»T 

Certain it is tluit some classes of silk are inure lialile to it 
than others, and as the appearance is only spasmodic there 
may he certain seasons and conntiies where the conditions 
of rearine and reeliii" are imfavoiirahlo. 

In the [oodiiction of a eood weavinj' threail it is e(Hially 
nl'cessarv that the throwster rhonid lake every preeaiilion 
either to minimize hy cleanin'' the ri'elin;'defects of the raw 
silk. or. hy flood machinery and careful oversieht in his own 
processes, avoid the production of fanlls incidental to this 
particular process of manipulation. A brief i, niiiiii' of tin' 
work of the throwster may not he oin. of ()laee. In dealiiif; 
with the raw silk for throw inn, the treatment should he 
vari'sl accordiii” to ipiality. The lilaliire silks of Italy, 
China, and .hipan are f.airly even in size, and the skeins are 
reeled in hanks suiteil for windinn without separation, 
whereas thosi! of China riicled hy the natives come, to us in 
mosses or hanks weinhinn nearly 1 lh.,and reipiire very care¬ 
fully splitliiifi into smaller hanks. Tluiy ar<! usually so uneven 
in the thickness of the thread that it is necessary to classify 
them, otherwise tho union of a thick and thin thread 
produces in the two-folded tram or oroanzine a loopy or 
crinkled appearance, which is a serious fault and drawback 
to the after-processes in the. manufacture. Where the silk 
in reelin'' has touched the arnis of the reel a h.ard ''um is 
formwl, and reipiires carefully softeniiif' eilln'r hy the 
immersion of that portion of the skein in a softeiiinf; emulsion 
or hy a complete washinf,' of the hulk in a soap hath. The 
cost of windinf’ varies according to the method of reeling. 
Those silks produced in well-e(|uipped lilatures or factories 
are as neiirly perfect as iiossible* and one worker can 
superintend .80 to 100 spindles, the bobbin taking up 

\ 2 



so iiicircs }>ui- iiiiiiuk', us iiHiiiiisl iiifuriov unlive silks ‘20 to 
•2o spindles, uinl the waste cuiised liy these latter is inneli 
luiavier. In the next process ot cleaning espial care is 
i'cipiired, so that all the houchons or foul iniiyheeliininaled, 
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and where tied out a neat knot should be made and the ends 
cut off shortly. The process of douhlin;' two or more threads 
together requires equal vigilance. Two ends of equal size 
should be run toKcthor, the tensions on each carefully 
adjusted, and each thread passed through an automatic 
taller or eye, so that one thread cannot pass on to the 
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on the same type of raacliiiie and the doubled thread reeled 
on a separate reeling machine with automatic stop motion, 
so that each skein is of an equal length. The more 
modern and equally effective method is to twist and reel at 
the same time. A twisting frame built on similar lines to 
that of the spinning mill, but with reels instead of take-ui)* 
bobbins can be driven at the rate of 0,500 revolutions per 
minute. The latest American machine provides for spin¬ 
ning, doubling, and twisting in one jn’oeess, but so far it 
can only be adapted for the most perfectly reeled silks of 
Italy and Japan of 11 to 10 deniers in the thread. Finei’ 
reeled silks and those of a commoner description would 
suffer in quality, and little if any advantage in cost would 
be gained by the adoption of so compounding the processes. 
One of the greatest advantages of late years has been gained 
by the process of cross-reeling known ns the Grant system, 
by which a length of 5,000 to 10,000 yards can be reeled in 
one skein. The silk is kept straighter in the dyeing process, 
and the winding is facilitated, and at one-half of the 
original cost as against the smaller hanks. 

As compared with other textiles made from short fibres, 
net silk has distinctive qualities which give to it a precedence 
over them. For instance, its natural brilliancy, trans¬ 
parency, and absorbent character enables the dyer to 
incorporate with it tannic acids or metallic salts, in some 
cases up to double its original weight, and increasing bulk 
up to 50 to 100 per cent., without in any way impairing its 
natural lustre, and at the same time so incorporating itself 
as part of the original thread that it is perfectly homo¬ 
geneous, and not, as in some cases, appearing as an accretion 
outside of the thread or fibre itself. The properties of 
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elasticity ami tenacity arc also important factors, specially 
for weaving in the single thread without twist, as also 
those comhinations where a strain is put upon the warp 
threads to produce certain elTects. 

Careful assays are made in what is known as condiiion- 
iiig houses to ensure to the huyor an arlicle specially suited 
to his purpose. The ahsorbent quality admits of too griait 
a percentage ol moisture or water heing incorporated with 
it when sold, in fact, up to.”) or ti percent, over the. normal, 
without in any way appearing fraudulent. To arrive at a 
fair condition .'iOO or 600 grammes are carefully weighed, 
and afterwards enclosed for fifteen or twonh minutes in a 
specially constructed apparatus or oven, su|)erheated up to 
about 300" Fahr. It is then weighed and 11 per cent, 
added to the absolute dry weight, by which percentage 
it is supposed that wo arrive at the proper normal condition. 
A further test is added by decreusago or boiling off tbe gum 
in order to ascertain that no undue weighting of fatty or 
other matter has been added to increase the weight of silk 
beyond its original condition in the raw state. The lavello, 
or winding test, is only applied in the case of raw silk as 
a guide to the silk throwster. Five hanks are placed on 
the winding swifts and run for two hours at the rate of 
60 metres per minute on the take-up bobbin. The number 
of breakages during the time are carefully tabulated, and 
the resultant divided into 800 gives the number of spindles 
•Dne worker can su))erintend. Tests for elasticity and tenacity 
are conducted on a special ai)paratuH called the serimetre. 
The normiO amount of elasticity indicating a silk of good 
quality should not be less than 25 per cent, of its length. 
Tenacity or amount of strain before breakage is considered 
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to l)e satisfactory if the weight home in grammes is four 
times tlie denict or size of the thread. For example, a 
10-12 denier raw silk should hear a strain of 40-50 
grammes in weight (equivalent to about 1 oz. avoirdupois), 
and so on in proportion with all other sizes. 

Assays for size or count are made by reeling 20 skeim^ 
of a given length, weighing e.ach separately, which will 
indicate the range or variation, and thus showing the com¬ 
parative evenness of the thread, or otherwise, and by 
striking a mean average of the totals the size or count will 
he ascertained, by which calculations may he built up for 
the inanufactuicr. An international metric count has been 
established in all silk centres iis approved by the Paris 
Oonvention of 1000. This is based upon the metre for 
length, and tho gramme for the weight—c.i/.. No. 100, 
means that 100 metres will weigh one gramme. What is 
known as the legal count for raw and thrown silks is based 
upon the number of half decigrammes per 1.50 metres, ami 
(orresponds very nearly to the fornuir method of weighing 
!)y the denier (Ol!.', deniers = 1 dram avoirdupois) per 476 
metres. The nomenclature tor counts and sizes for various 
textiles is so varied that the student or manufacturer 
should furnish himself with the small handbook of “ inter¬ 
national Yarn Tables," compiled and arranged by McLennan, 
Blair it Co., of Glasgow, an absolutely indispensable ollice 
guide. 

The question of the quality of the silks of various countries ' 
Ls varied according to climate, soil, rearing and reeling, etc., 
and can only be assessed by actual practice and by some 
knowledge of the various faJ)rics for which they are best suited. 
The question of grading and chops varies in the course of a 
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few yertfs. Tlic.y tire sultjeet tii expert iiispeeliou at tlie time 
of sliipmeiit, and those, eliops in favotir at one ]>erioil may 
taktt a .secondary jtosition later on. A few details res|)eeting 
the various silks now imjiorte I may jirove of interest. 

French and Italian. These tire mostly yellow anm silks; in 
fact, the yellow breeds of cocoons tire indij'e.nous, and the e^vs ^ 
of the whitt' races of the Ftir E.-ist, after a few vetirs’ brttedinj;, 
revert to the yellow silks jteenliar to these eoimtries. They 
are, usually reeled in stiadc sizes, from 9-11 to I l-Hi deuiers, 
for the imrpose of throw in;;, and for special articles from 
l()-18 u]i to de.niers and <w'en (sianser, aceordin;; to the 
immher of cocoons reeled to;;ether to prodiiei^ the desired 
size. (Ireat care is exercised hy the ri'eler to produce, a, well- 
formed and even thread. In this respect tin! (lontinental 
silks have secured a premier |)laee in tlu! world's markets. 
The ra.n;;e of size in a test of twenty skeins of .Wtl yards each, 
hy the .Milan oHieial regulations, allow a ran;;e, between tlie 
linest and coarse,si threads of the followin;; variations; -- 

Silks of (S-9 to I l-lli denier raws a ranne ol b deuiers, tlnise 
of bS to '21 deuiers a ran;'e of li deuiers, and tlnise of 21) to 41) 
denier silks a ran;;e of 7 to 9 deuiers. Owin;; to I he dependence 
|)laced on these silks for evenness and cleanness, the liner 
deniers, 8-9 up to 11-11) deuiers. are spmiiallv .suited for 
organzine and trams, suitable for the manufacture of broad 
;;oods. ;>love fabrics, and for the best hosiery webs. The 
coarser reelings, 18-21) to 30-82 deniers. find a ready market 
for weaving in the raw, and for network in silk lace. The 
loss in boiling is aboid, 2.') |)er c(‘nt., but great care is reipured 
in discharging the gum, to avoid Iluftiness or .silk louse, to 
which they are somewhat luible if over-boiled. By a careful 
selection of cocoons, raws can be produced of dilferent gradings 




Fig. SJ}.—Interior of Kashmir Reeling Factorr, 





318 


TEXTILKS 


r 

of quality and excellenop. They are usually sold in the 
following degrees of inerit; -(l) Exquis ; (2) extra; (3) 
classic; (4) ordinary or sublime. The French reelers and 
throwsters grade their productions as follows;—(I) Extra; 
(2) first order; (.3) s(!cond order, and (4) orflltKiirt'. The 
productions of S])ain, Austria and ITungary may he classed' 
with those of France and Italy. 

Syrian, Brutiati, Bulgarian and Persian silks are also 
carefully reeled, and in similar sizes to tho.se ))efore named. 
They are, howeva^r, of a sotter nature and not so wadi fitted for 
organziiK's as for tram silks. The eoarser sizes of Bulgarian 
and Brutian silks are largely used for weaving in the gum 
(single thread). The liner sizes of Brutian and I’eisian silks, 
doidtled two or three fold, make an excellent weft when Iw isted 
heavily for the manufacture of ci'(“pe de chine. 

Biashmir Silk.- In 1397 the industry in this province was 
non-existent. The Durbar of Kashmir invited Sir Thomas 
Wartlle to initiate and develop sericulture in the district of 
Sringar, and under his superintendence healthy silkworm eggs 
were obtained from Europe and distributed to some lb,000 
village householders for the rearing and cidtivation of the 
mulberry. Taking an average of four persons for each 
family, it wotdd a|)])ear that sotne ()0,(KI0 to 70.000 persons 
might be profitably employed. Fae,torus were established 
for the reeling, and some 200 hand looms were sent out from 
this country for the weaving of fabrics, pongees and corahs, 
similar to those woven in Japan. In the year 1900 the annual 
production of raw silk was 57,921 lbs., and by the year 1900 
it had increased to 190,736 lbs., and at that period there was 
every probability of a progressive increase. It has to bo 
regretted that these expectations have not been fulfilled. 
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Dul'iiig tile Inst ten yiniis, owing to l‘l•oIlollll<■ and ollu'.r cansi'S. 
the |)i'o(lm’tion has dirlini'd, iind the ihlll looms for woiiving 
now remain idle. The owners found it im)H>ssdile to eom|iete 
with the better methods of the .lapanese. The seed is nn- 
jiorteil annually from Knro|)e. (he raee is nnivoltme. viz., 
•one crop per annum, and the silk is much superior to the 
ordiiiarv silks of India from (hi‘ easlern proMiiees. Heeled 
in lO-l'd. I.'!-|.') and I(i-lid denier sizes, there is a readv market 
both on the Continent and in oni own eoiintiy for this class of 
silk for many piiiposes of mamifaetiire. 'I’here is another 
district III the I’linjanb piodiieing silk of a similar eharaeter. 
ami under like eiaiditions. which is being impoiled under the 
title ol ■’ Soondor.” d'lns has been tested and approved bv 
mailllfactaiei's. and an nierea.se ol prodiielioii and exports 
would be weleonied. 

Bengal Silks. The ^^\ports of the silk produced from flic 
mnltivoltiiie species (fhree, i;ro|)s or bunds per aiiniim) have 
declined to a negligible, cpiantity, as will be semi from the 
tables previously given. The eiiltivation of the mulberry 
and of serieiiltiire was principally carried out in the provinces 
of .My.-ore, .\ladrai, Bengal and .Assam. There are some 
]>ossibilitie.s ol develo]mient in the lir.st-nanied. but so far this 
hope has proved disappointing from various eaiises. The 
decline in the industry has been attributed to various causes. 
An important factor in the situation has been the withdrawivl 
of European tirnis from the trade in recent years. Formerly 
’ the.se firms bought the cocoons, reeled the silk in filatures, and 
exported the raw silk and waste. With the fall in price for 
raw silk (before the war) the prices offered by the firms for 
cocooms did not attract sulficient supplies to keep the filatures 
employed, and the majority have been closed down. The 



silks sold iti Eiifo|i(' as Surilahs, llaiifjiMiiatty Banjetty, 
(ii)natea, oto., have; entirely (lisaj)f)eare(l, and those called 
Rose filatures are the only ones known in the Knglish market. 
Other factors hav(! contributed to this decline : («) excessive 
rent-charges for iindberry lands ; {!>) degeneration and disease 
of the worms; (<■) competition of other crops: {<!) want of 
colu'sion and organization by the native feelers, who are 
mostly in the hands of middlemen. To these may be added a 
deterioration in the (|uality ami winding of these silks as 
compared with tin' better productions of .la])an. There is a 
good demand for silk for native manufaeture. but the native 
reelings are being gradually displaeed by importations of raw 
silk of low grades from (diina and (Canton. The silks of the 
Bengal jirovinces being nmitivoltine the have is liner, and the 
cocoon onlv yii'lds two-thirds the length of the univoltine 
spiieies. The thread is softer and more liable to dumji, 
but it yields a bright thrisad after dyi'ing, and is especially 
suitable, for weft, jiarticularly when dyed black or dark 
colours. The sizes run from lt)-l I, I'2-Hi u]> to l(i-20 deniers. 

Cantons. -These also are the produce of multivoltines. 
The (lantonese produce six crops annually. The silk is similar 
in ([iiality to the Bengals, but as the colour is a creamy white 
it lends itself to the lighter shades of colouring, and wdu'ii 
well reeled is adapted particularly for crepe de chine weft. 
Formerly this silk was all in the hands of native reelers, and 
very coarse and uneven. European enterprise and capital 
has established numberless filatures, and both for size; 
evenness and good winding jiroperties they com])ete favour¬ 
ably with the lilatiire silks of other countries. There are .still 
some native reeled silks, .but even these are of ranch better 
type than the exportations of twenty years ago. They are 
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mostlv used for iiativii miuuifaoliiiv and oxixirl. to India, 
Only tho best clio])s are now iinporled for Knro|)oan and 
American consumption. 

From a recent mspeetion (ItllS IOl!)) tlie following may Ire 
taken as typical orades of the.se sdks. They are reeled horn 
10-12 to lti-20 demers ;— 


/w//•<;. 

Anrlior diop. 

'I’sun^ Will Ihiiiii. 

\Vu)|? (‘lioonj; Sihii. 

diro Wo. 

rliuii Sun Kuiit;. 

Uriit'oii iind IMoriiiv. 
Kin;; Son;;. 

/.’rO.; S((li\ 

Flit K(m-. 

Han Km;; Lon. 

Kwoni; Tonu \ non. 

Kuni Lilli 'J'ai *’ Kill on;;. 


ru^i I. 

riinnj; Wo Him;- 
lli|) Koi*. 

KxNoni; Mill;; Wo. 
aMoon < 'hop. 

Iitnt /. 

Allship, 
iiip imii. 

Kuon;; Mm liiiii. 
Win;; rlicnn-/ Lnn. 

ILuiihoo < 'hop. 

Mm Lnn. 

Kwoii;; Wo Chni;;. 
Win;; Flioon;; Han;;. 


As then* arc .some (iillVrciil chops m the importcr.s’ list 
those named arc nol ;;ivcn as hciiu; the Imst in cm-li ;;r.Mlc, hut 
only ty])ical of many oliicrs. TIutc arc still oni- or two 
imported as Best ill., vi/,.. Soev Wo ('heon;; and Vee Wo Lin;;, 
hut as tho.se native lilatiires art' sidijeol. to "iiiariaoes'’ or 
double threads, eau.sed hy an inipeifect eroisurc, and are very 
uneven in size they can only be used for lo\ve,r-class ;;oods. 

“ Japans.”—These silks now form the mo.st important 
factor in American and European imports. Tln-y have vastly 
improved duriiif; the last fifteen or twenty years, both lor 
colour, reeling and general cliaracteristies. They are good 
winding, fairly even, firm in tin* thread, and capable ol being 
dyed and weighted (es[)ecially in colours) to doulile their 
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OTigiiwl wcif'lit (when boiled oil). The sizes used for throwing 
in organzines and trams run from 8-9 to 14-10 deniers. During 
recent years the Japanese; laid themselves out for the coarser 
deniers, .suitable for W(;aviug in the single thread. In the best 
grades we arc able to import 1(5-18, 18-20 and even heavier 
sizes by arrangement with the importer. The American 
manufacturers use the.se silks more e.xtensively than those of 
any other province or country. One s])ecial advantage of 
Japan silks is the, minimum jiercentage of gum. The loss in 
boiling of the white silks does not exceed 18 to 20 percent., 
as against Knropcan silks and those of India and Canton 
25 per cent. 

During tlu; .season 1918-1919 the Japanese im|)ort(;d Euro¬ 
pean seed of the yellow races for special reeling. They pro¬ 
duced a clean, blight and even thread of good tenacity and 
lustre, but as tin; loss in boiling was some 5 or 0 per cent, more 
than the white silk, and the colour not so well adapted for 
light shades, they could only command a secondary place in 
the market. 

Although the production comes from various provinces, the 
bulk of our imports are named under the generic term of 
Sinchm. There are numberless chops (the trade mark of the 
reelers), but the classification for quality is much simpler, 
viz., E.xtras: lle.st f.; No. 1 : 1-1J: IJ i li‘2: Be.stll. The 
last two are. only used in small quantities for European con¬ 
sumption ; they are probably retained by the Japanese for 
home consumption. Another class of Japan filatures are the 
Kakedahs, reeled in sizes 10-12 to 14-16 denier, and are grouped 
as follows: - 

Extra. . I . Kakedah Kimpai, Kintoke. 

No. 1 . . . Hime Daruma; Kinko. 
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Nil. U , . '■ One liiiiM'liiviil.” 

Nil. 2 . . Txvii liiii'se lii'iiils.” 

Nil. 2 . Tliiee liiii’M' lii'iiil.--.” 

Nil. ( . liiil.in, Niviiliiri. Ok.iini'. 

Tliere are alwi I’lniii aniitlier dislriel, tlie Ziiiii/iiar/.t, ill 
different fjrailes friini a Nn. I In Nn. 2. lint these aii' selilniu iin 
the niarhet here. The lies! are reeled for .'\ii\erii.a, and 
liroliahlv the lower erailes are retained tor home eonsnni]iliiiii. 
They are ffiiiid white, honey silk, lint not .so well reeled aa the 
Sinehns and Kakedahs. 

China Silks (.over so wide an area and are so varied in 
(jnality so that only eeneral details laii he inehideil in this 
cha|iter, so niiist eoiiline onr dese.ri|ilion hy a eeiieial ehissili- 
cation. 

(I) Sictiiti 'I'iiese are {irodiieed in l.ieliiries 

in the neiirhhinirhiiiid or within a liitv-inile radius of .'shaiij'hai. 
They are reeled under l<hiro|iean .sniiervisioii and wit h t he be.st 
iiiethods of reeliiiy. and, tlierel'ore, take a lirsl. |ihiee in the 
xvorld's jirodnetions. T'hey are while in noloiir, even in .size, 
of a firm te.xtnre. and po.sse.ss oreat tensile streiif'lh, so that for 
sonic hranehes of nianufaetiire they are preferred to any other 
silk, and consei|nently command very liieh prices. The 
shipments of this class of Ohmas diirino Itlld-ltll'J .season 
reached fully dtMItllt hales, of which America look fully two- 
thirds of the exports. The .sizes reeled run fioni l)-ll) to M-Hi 
deniers for the imiposes of throwiiif; in or);anzine and train, 
and heavier sizes, Hi-IHIo 21-2li demers, lorw'eaviiie pur|Mi,ses 
in the single, thread. 

From a re*ent tahle of classifications hy a French importer 
wc find there are some 200 available ‘‘ chops ” from which we 
select only a fenv typical ones from each grade. 

T 2 
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lixlra, 

Eae.lory 


Extra 1 and 2 

Socy Jiim 

Anchor . 


Extra 1 and 2 

Yang . 

Rayon U’or . 


Extra 1 and 2 

Ewo (ilainrc . 

E.W.E. . 


Rest 1 and 2 

Young Tai . 

Double Deer . 


No. 1, 2 and 3 

M. Donogri 

Petil Ertm. 

M.D. . 


■* 

Extra 1 and 2 

Yah lla 

W.T.K. 


Extra 1 and 2 

Y'ucn lain 

Centaurc 


Extra 1 and 2 

(ipiiSang 

liayai'd . 


Extra 1 and 2 

CIllU! JjCU 

Cold Mulbeiiy Leaves 


Extra 1 and 2 

Yat Woo 

Ikxl i\n. 1. 

Ceranium 


Extra 1 and 2 

Ting Ync 

Pasteur 


Extra 1 and 2 

Y^ah Sin Chong 

llilhken 


Extra 1 and 2 

Chun Linng . 

Elying Lizards 


1, 2 and 3 

Shanghai CilatuiT . 

Pegasus 


Extra 1 and 2 

Yat Keo 

Eu. 1. 

Arbulns 


Extra 1 and 2 

Yne lam 

Poaeoek 


Extra 1 and 2 

Leo Jjcn 

Field Marshal 


Extra 1 and 2 

Chue Len 

Founlain 


Extra 1 and 2 

Y'uc Kong 

Cainelia 


Extra 1 and 2 

Yung Tai 

Eest No. 2. 

(told (tlobe . 


1, 2 and 3 

Sin Kco 

ChrysanUieinuin 


Extra 1 and 2 

Lun Kee 

Airship . 


Extra 1 and 2 

Tsuii Neo 

Flower lloat . 


Extra 1 and 2 

Tbuu Chong . 

Lotus . 


Extra 1 and 2 

YI. Dcnegri . 

No. 2. 

Rose 


Extra 1 and 2 

Lee Chong . 

Gold Dollar . 


Extra 1 and 2 

Yuen Chong . 

Lily 


Extra 1 and 2 

Pao Kee 

Tramcar 


Extra 1 and 2 

Y'uu Kong . 

Carnation 


Extra 1 and 2 
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Shinjr Wah . 

DouMi' i-'ii'li ami l)ra;'on . 

1 ami 2 

Yer Ki‘e 

nojfoma. 

K\lia 1 

Sill lain 

S.L. 

K\tra 1 

Soo Kiui; 

Wfon.iii ami Loom 

l-Mia 1 

Iain 

'IVaiiirar 

r.Nlra 1 

• 

" .Vi». (htiitiiini 


Ynnj; Sin (‘lion^ 

Moon 

l-Mra 1 

Tscn^j'Iam 

<M>l«l I'Ms in;i 'riui’i 

i:\lia 1 

l*ao Woo 

lai'lilhoU'*!' 

1 ami 2 

Sini' hall 

FlNinj-tJul 

1 ami 2 

Vaiijj Lit 

Sln-plinil 

1 ami 2 


(■J) " Ui'-ri'ils." TIii'm' mIIiS III'I' ViTV Mliill:ir In llic native 
reeled silks. Ii(]tli as tn si/.e and i|nalilv In kiel. tliev are (In' 
native-reeled -dks. wound l)V I'liinese women, I'aielidly eli'ari'd 
of some of tile honelions or foul liv passinj; llironeli (lie linjjers, 
and by ri'-reelino a better windino is oblaini'il. The liner ami 
better [Hn'lions of (in^ silk are selected hn‘ tin.- imrpose, so dial 
part of the cost of maid|inlation in silk thiowinn is .saved, a 
great desideratum at the pre.sent I ime. w il li I he mereased cost 
of labour and shorter hours of working. The exports during 
tile last lifteen years have im-reased maleriallv. lA-om im- 
jiorters’ .statisties in the season 11)11-11)15 they reached fully 
20,000 bales, more than four times the ipianlit v of the ordinary 
native reels. The size in the raw is about 20 to 21 deniers. 

To meet the American demand during the last liftei'ii years 
there has been an imjmivement in the style ot reeling on 
the “ Grant System,” and these are now e.xporti'd both to 
Europe and America under the designation '' New Style.” 
We append a list of a few of the best chops :— 

• Si'ir Sli/I,’. 

May Hun Ye. . Gold Kagle aml.lllolie K\(ra I amt 2 
Ma.y Hun Ye. (I()Id I'lagle ami Dell Rxlra 1 and 2 

May Him Y'e.’’ . Gold .Swan . lixtra 1 and 2 
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Till Lung 
Ewo Yung . 
Goo Kce 
Yin Keo 
Mai llun Yuc 
(!liu Yun Mur 
Goo (Iliong Jaing 


Gold Elagn Tripod . 
Gold Douldo Deer . 
Gold Incense Burner 
Gold Kangaroo 
Bine. Dragon . 

Blue Monster 
Star ami Stripes 


Extra 1 and 2 
Extra 1 and 2 
Extra 1 and 2 
Extra 1 and 2 
Extra 1 and 2 
Extra 1 and 2 
1, 2 and 3 , 


The ordinary reel Tsatlee re-recls are still imported largely ; 
these are not cross-reeled, therefore not so free winding, but 
they jiossoss almost etpial merit in ((uality as those of the 
“ New style." They are classified as follows 


lU’xl A'nie S'Le. 


Crown, 1, 2, .3. 

Gold Winding Mill, 1, 2, .3. 
Gold Seale, 1, 2, 3, 

Beni. 

Pegasus, 1, 2, ,3, 

BulTalo, A, B, C, 

Bed Dragon, 1, 2, 3, 

Bicycle, A, B, C, 

jYn, 1, 

Cloud and Dragon, 1, 2, 3. 

Blue Lion, I, 2, 3. 

See, May Zien, 1, 2, 3, 

Xo. 2 , 

Gold Eagle, 1, 2, 3, 

Spinning, 1, 2, 3, 

Fan, Extra 1 and 2, 

Sze She Sliing, 

Szo She Sliing, 

(Tiun Tai, 

Sliow Yin Kee, 

Yec Pong Znng Kee. 

Hung Kee. 

No. 3. 

Kung Kee. 


Bunning Deer. 1, 2. ,3. 
(;loud Horse, 1, 2, 3. 


Ked Fish, 1, 2, 3. 
Grasshopper, A, B, C. 
Black Horse, 1, 2, 3. 
Doiihle Bed Eagle. 1, 2, 3. 


Gold Fish, 1, 2, .3. 

Blue Pheasant, 1, 2, 3. 


Mermaid, 1, 2, 3. 

Three .losses, I, 2, 3. 
Magpie, I, 2, 3. 

Small Bnllalo, 1 and 2. 
SSS .Mars, 1 and 2. 
Gold Mars, 1 and 2. 
Mars. 1 and 2. 

Gold Unicorn, Land 2. 
Double Crabs, 1 and 2. 

Mars, 1, 



Sll.k' TIlHoWIXd .\NI> Sl'INXlN'd 

Ttie silks from tlu' llninlii illsirirl slzi' of \\lii(‘li is much 
finer tlnin the Tsatlees) are also le-reeleil holh in tlie new 
style ami ordinary method. The e.oloiir of these silks is not 
sol)ri);ht as those leeleil from the T.satlee (listriel. The follow- 
mi; are a few of the (diojis imjiorted : • 


llnl. 


Tin-k Sliitiii . 

VcllffU Pcucock 

K\ti;i 1 niul 2 

'I'urk SInnu . 

lUlU* IV.icork 

K\li;i 1 and 2 

K. T.suii 

<io|(i PIUMs.nil 

r.\lia 1 aiul 2 

K. 'IVuii 

Uluc IMummioI 

pAtia 1 aiul 2 

K. 'rmin 

\lusio . 

l'!\lra 1 ami 2 

K. 'I'sun 

ItlUTS .... 

Kxira 1 ami 2 

'I’llrk 

'rim'cSIarn 

Kvtra 1 and 2 

Tuck Kcc 

CfHllcl .... 

K\lia 1 and 2 


■Vf). I. 


Km;i \Vo<j 

(iivcn ri.N iii;i Stork 

1. 2, :t 

Woo Nk*n Zuiiji 

(’IimcM* \'»)lmilccr . 

I'Mra amt 2 

(J) “ Ndliir IM.h." In the white silks 

ilu‘S<! include 

Tsatlees, Kahings, 

Ifainins and llangehows. 

Owiuo to the 


sehiction of tlu! best and finest hanks for rea(‘((lin(> piirposi's 
the white, native silks of (.Ihina have, ('reatly det((riorated. Tin! 
increased cost of lahoiu- has caused a preferemie to he f'ivaai 
to re-reels ha’ Kniop(>an (amsnmption. Tsathsw formerly 
con.stitute(l the main supply ha- the throwsl(a’. In the seasiai 
lOll-lfflh the e.vport did not e.vceed .h.(KK) hales, and to-day 
it is still less. 'I'he Kidiings, JIanf'chows, Woozies, etc., oidy 
find a very rest ri(ited ((.xiiort. The cocoons fnan these districts 
are bought nji hy tin; steam filatures for reeling in the factories 
of the Shanghai district. Naturally the (jocoon of the white 
China species is second to none; in fact, if it could be pro¬ 
ducer! under the same scientific conflitions a.s those of Euro|)e 
and Japan, for strength, lustre, etc., it would be the very best. 
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In the districts wlu're the rearing takes place there is no 
niicrosco[)ic selection of liealthy graine or eggs, and conse¬ 
quently the worms arc liable to the ravages of diseases to 
which the silkworm is subject. 

The nuud)er of clio])s of Tsatlee silks and the gradings 
twenty years ago made (piite an extensive list, but recent 
imports only include the following, which are given in order 
of (piality :—llhic Elephant, Buffalo 3, Silver Double Elephant, 
Silver Electric Fan, Blue Double Elephant, tJold Lion, Gold 
Filing,ChoeyKiling, Red Kiling,and Running Deer. Ordinary 
reels hav(! gone out of favour with Europcian markets, and 
the above cho])s an; i)ractically all in which business is now 
done. 

(4) Yellow Siltt .—These are produced principally in the 
proviiuies of Shantung and the Seychuen districts. They were 
reeled formerly in large skeins 4 to 0 feet in circumference 
mider dilTereiit titles, and conse(]uently difficult to wind. 
The silk was coarse, uneven and foul, and could only be 
utilized for sewings or very coarse fabrics. During the last 
('ight or ten years native filatures and re-reels have been 
introduced, so that they are now coming into more extended 
use. The Shantung and Minchew fflatures and re-reels are 
servieeabhi silks for many ])urposes of manufacture, especially 
where they can be used for darker colourings. The filatures 
are reeled in sizes from 12-15 to Ki-lS deniers, and the winding 
of the best chops run from 50 to 70 tavclles. The re-reels run, 
in sizes from 18-22 deniers to 22-28 deniers, and in the inferior 
qualities still coarser. The loss in boiling is fully 25 per cent. 
Reference as to chops and arades may be obtained from 
importers’ classifications published by Messrs. Sulzer, Rudolph 
& Co., Messrs. Reiss & Co., and Messrs. Wm. Little & Co., of 



RIT.K TUBOWING AXD SI’IKNTNO 


'.T’n 


Shanghai. The writer of this chiiiitcr is iinli'hlt'd to those 
firms for the oliops iiaiuod in l•(mm'ction eilli the White 
Chinas, as also to .Mr. I. (Jaillard, Shaoghni, for steam filatures, 
and to Mes-srs. (ieriii. Drevard & Co. for C.mtoos. 

Duppions.—Tliese an- the produee of doidile eoeoons. 
When the silkwoim eommenees to form the eoe.oon it is 
essential that ])ro|ier sjjaee slioidd he given, otln'raisct where 
two of them come in close eontaig their s|iinmngs are inter¬ 
twined with each oti\er and a diad)le eoeoon is forineil. In 
leeling, the thnaid slnlis olT in a lliiek, irregnlar thread. I he 
Italian dnppion runs from .'itMO deniers and up to Stl llll) 
deniers. The host reelings are thrown in Italy and Swit/.er- 
land into sewing and emhroidery threads. When cleaned hy 
the iaehn.se machine and gasseil a good article Is prodneed. 
Not many ol the Chlilesi" or .lapanese duppions are e.sported, 
being reserved for native use. 

Wild Silks, jirodneed in Inilia by the ,\ntherea Mylltta, in 
Northern China by the Antherea I’ernyi, and In -lapan hy the. 
Yama Mai siieeies.—'I'he first-named spins a thread of ahoilt 
8 deniers in the have, and has a good lustre when boded oil, 
but these silks are not in any demand by hairopean throwsters. 
The Chinese products are e.vpoited to America and Knrope 
under the title of Chefoo filatures, and have a good sale for 
the manufacture of Tussore, silks. 'I'he have is ahout r, deniers, 
and they are reeled in :lt)-lll and tO-fib <lenier sizes. The silk 
from the Yama Mai is kept by the .laps lor their own manu¬ 
facture and embroideries. The grading of the Chefoo filat arcs 
vary from time to time, owing to change, of ow nership ol the 
filatures,’and possible deterioration in (piality. From a 
1918-11119 inspection by Messrs. William Little & Co., of 
Shanghai, give a few of the best chops 
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Black Paifoila, I and 2. 

Smi Klownr, 1 and 2. 

Gold Grown, 1 and 2. 

Gold .Toss, 1 and 2. 

Dragon Kly, 1 and 2. 

Apricot Flower, I anil 2. 

Gold Double Dragon, I and 2. 
Black Fisli Bowl, 1 and 2. 
Gliincsoand American Flag, 1 and 2. 
Japanese and American Fl.ig, 1 
and 2. 


Sun I’agoda, I and 2. 

Lucky Boy, 1 and 2. 

George tVasliington, 1 and 2. 
Mow Sail Peony, I and 2. 
Spinning Girl, 1 and 2. 
Poppies, I and 2. 

(told Bat, 1 and 2. 

Black Monkey, 1 and 2. 
Bamboo, 1 and 2. 

Bamboo, 1 and 2. 


So fur we liave only dealt with the silh in the net or raw 
state, and its manipulation in the processes of reeling and 
throwing, but in tliese stages it is estimated that an equal 
quantity of waste is produced, and which is now utilized 
for silk spinning. In the rearing of the cocoons the blaze 
or fine silken fibres thrown off by the silkworm on the 
hush as a nest on which to form its cocoon is collected, and 
China alone has exported 240,000 lbs. annually of this 
product. Imperfect and pierced cocoons which cannot be 
used for reeling form another source of supply. In the 
reeling process, before a perfect thread can be obtained for 
continuous running the outside threads are brushed off by 
an automatic process, and at least 2,'5 to 110 per cent, of the 
total weight of the cocoon goes into the waste basket. To 
this may bo added the waste made by the silk throwster in 
the processes of winding, cleaning, and doubling. Doubtless 
some portions of these waste materials were used by the an¬ 
cients for all time, but under earlier conditions were combed 
and spun by hand. In the regulations of the thirteenth 
and fourteenth centuries in France mention irf made of 
galette flourin and filoselle', productions of band spinning, 
and in 1816 a society was formed in Paris for the’.encourage- 
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nieiit of the industry on a liir';i!r scivli' and hy mechanical 
means. At lliis period the N\asti- was cut into short Iciioths 
and sjinn on lines .similar to those then exi.sti'iil in the cotton 
spinning, hnl in IHdO special machinery was introduced for 
dealing with longer llhrcs, on the basis id the present 
'system of the silk-spinning indnstry of to-day. 'I'o a 
papef read hy .loseph lloilen, l'is(|., silK nieichant, of 
Manchester, ladore the Silk .Association in l''ehruary, ItKka, 
we are indehled for information as to the rise and progress 
of this branch of textile indnstry in onr own country. It 
appears that the lirst spinning mill established in I'higland 
was in the year 1711’J, at Galgatc, near IjaiicasLer, but a 
quarter of a century ela)ised boforo this example was 
followed to any extent by other linns. 

On the Continent opiwations were commonced in liiile 
about the year 1822, and from that period both at home and 
abroad it has made considerable jirogress and development. 
Itraay be interesting to know that an a|iiiro\imalo estimate 
of the Bpim-silk spindles in the whole world may bo pul at 
about Gl)l),00l), spread over France, Switzerland, Italy, 
(lerniany, Austria, Fngland, America, ( hina, .la))an, and 
India. The production may be taken roughly at Io.oDD.OOO 
lbs. per annum, of which about 11,(11)0,1)01) are produced 
on the Continent, :J,000,000 in Kngland, and the remainder 
in other countries. 

The predominance gained by the Continent may be 
partly accounted for by the cheaper labour emiiloyed, and 
an abundant water supply, so neccs.sary for the purpose of 
Bchapping* and also more favourable tieatment by the 
absence-of restrictive factory rcffulations. I!y the method 
of Bchapping, in which a portion of the gum is retained, 
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the processes are somewhat cheapened, a larger yield 
is obtained, and for some purposes, specially where 
required for black dyeing, the yarn has a wider scope 
of utility for the manufacturer. The gum is partially 
removed by the process of maceration and fermentation 
or by chemical means. The English spinners succeed* 
in spinning brighter and whiter yarns which, although 
higher in price, command a sale for purposes for which 
the Continental yarns are loss suited, specially where 
brilliancy and clearness of colouring is desired for delicate 
tintings and for whites. The methods employed for sehap- 
ping, for long spinning, and for what is known as short- 
spuns involve different treatment and special machinery, 
the details of which are so varied tliat a special chapter 
would be necessary to describe them even in the most 
general outline. My purpose has been to show the evolu¬ 
tion of the silk industry from the smallest and crudest 
beginnings up to its present conditions of expansion and 
improvement. 
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TIIK COITON INIII-STIIY 

The fldtton liraiK’h of tlic Icxtilo imliisdv lia.s iiK.ivascd 
at aiicli a rato dmiiii; the la^t (•cidurv in all |>ai(s id' Ilia world, 
and has now arrived at siieli |iro|)orlions, lliat it iiiav safely 
be said to oeeiiny the foremost position anione ihe indnsirial 
arts. 

It has more money invested in iiniidint's, plant, and stock, 
and employs more workpeople, direetiv and indireelly, than 
any other mamifaetiirina braneh of trade in this, or pndiably 
any other country where mannfaetnres are earned on. 

It is supjiosed that the mannfaetnre of notion orioinaled 
in India about 1100 n.c., and the methods then used have 
practically remained the same, until wilhin a eomparalively 
recent date. The Hindoos .sjmn yarn and manufactured 
material of as fine a ipiality as can be |)rodnced to-day in 
any Lancashire mill, eipiipped with the liest and most modern 
machinery. - In the course of ordinary events the trade in 
cotton and cotton f;oods sjiread westwards, until we find it 
in Italy in the fourteenth, (lermany, Prussia and Kiigland 
in the si.xteenlh, France in the seventeenth, and in Russia in 
the eifrhteenth century. 

The fijsff rejiorted importation of cotton into England was 
in the year 1298, and it was mainly used for candle-wick. 
Manchestej goods, which were principally made from a mixture 



TEXTILES 


of woollen and cotton, or linen and cotton, were first heard of 
in the year K!.'52. 

The weifflit and value of the cotton used has reached an 
enormous amount, as will bo seen from Table I., which has 
been compiled by the Cotton Spinners’ Federation, for 1910. 

TAunn 1. 


t'ottini IVrt. 

All KiiuIk. 

Unit's. 

.'i,4(W,S2:i 

I, (i(il,l«o 
!I22,12:1 
7or>,(M)7 
731,;i57 

89,360 
190,7.5(1 
1,068,000 
25.1,734 
86,936 • 
548,892 
73,870 
76,559 
10,017 
20,113 
13,100 
4,386 

4,987,000 

II, 909,193 


These returns do not include India, China and some other 
small producing countries. 

It will be noticed that the consumption per spindle varies 
very considerably in the different countries; this, in most 
cases, arisis from the difference in the counts spun. 

It will be seen also that 43 per cent, of the total spindles 
are in the United Kingdom. 

The greater part of the cotton used is American, as out 


UiiiiNruir. 

iMMiiiii'i oi njiiniiii' 

(iruiit liriliuii. 

43,151,713 

(ilmiiiin)’ 

9,191,910 


6,603,105 

Austria . 

3,,581,434 

lt.ily . 

2,867,862 

Swirwrlaiul . 

1,413,.S96 


1,110,600 

Japan 

1,3.56,713 

Spain 

1,387,.500 

Ptirlnj^al 

388,000 

Bnshiii . 

2,361,513 

Hollan.l . . . 

395,678 


326,860 

Norway . 

65,776 

Doninark 

48,104 

Levant . 

23,184 

Efcypt . 

United iHtalcs nf 

39,200 

Aiiiei'ioa 

20,242,000 

Total . 

100,561,078 
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of the loliil of 1 hjilos l)iile8 lire 

of this ViU'icly. 

Tlie totiil ]iroihiclioii of AiiuM'icon (hiriiis I lie last season 
was 0,500,000,000 Ihs. It is iiilercsliof,' to Know timt a 
little oveu' a centurv a^jo an Anu'i'ic.in ship which importoil 
^eifflit ba^s of cotton into Livcrjiool was .seized on the 
Ki’oiinds th.at so much cotton could not Is! piodiuaal in the 
United States. 

The total wmld's iiroduclion duriiio the. last twelve 
months is estimated at H,000.000,tlOO Ihs. 

i’articidars as to the immla'i' of looms ami the amount 
of cloth produced in the vaiious countries are not easy to 
obtain, hut 'I’ahlo II. yives the fulh'st information ohtaitiahio 
in regard to the increases in pi'oduction and reductions in 
wafjt costs of both cdoth and yarn iji the IJiiiteil Kingdom 
in the years iHali, ISHO, and UK).'). 

Table II. is very interesting, iis it shows that during the 
last half-century the weight of yarn produced has increased 
hy 886’7 million Ihs. 

The hours worked luive decreased hy 7'5 per cent., and 
the labour cost per Ih. of yarn has decreiised hy .55'8 [)er 
cent. 

The production of cloth has increased hy 7,1150 million 
yards; the hours worked have decreased hy 7'5 per cent., 
and the labour cost per yard has decreased hy ‘dl’Ufi per cent. 

During the time these changes have been taking place 
the average wages of the operatives have increased by 
94 per cent., as shown in Table III. 

The changes in hours and wages during the war and since 
have not yet had time to show their effects, but they will 
certainly alter the amounts given m column 3, and there will 
be some dibp in the production per spindle and loom. 
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Table II. 


Production and Costs of Cotton Tarns and Cloths in the 
United Kingdom. 



ISiO. 

1880. 

1005. 

Eaw Cotton Imports, millions of 




lbs. 

I,023-.S 

1,629-2 

2,203-5 

llaw C’otton lilxporty, millions of 

Ihs. 

116'(i 

224-6 

283-1 

' Yiiiii Production, millions of 




ll)s , avoraj^e counts . 

7LV6 

1,194-0 

1,632-3 

Yarn Exported, millions of lbs. 

1S2 0 

215-7 

205-0 

Yarn for Homo Consumption, mil- 




lions of lbs., average counts 

5«;ic 

978-3 

1,427-3 

Cloth Ib'odnction, inilliousof yai*ds, 



averaj);o width .... 

:i, 60 o-o 

7,707‘0 

11,550-0 

rioth I'iXportcd, millions of yards. 

2,(i;iU'o 

4,106-3 

6,198-2 

Number of Spindles 

2,S,000,000 

12,000,000 

.10,000,000 

„ Looms 

.'100,d()0 

550,000 

700,000 

„ Operatives in weaving 


mill.s 

17.1,000 

246,000 

306,000* 

,, Operatives in spinning 




mills 

205,000 

240,000 

211,000* 

Working IIouvs jier Week . 

60 

564 

55 J 

Average Weekly Wages, 17 classes 


of operativp.s .... 

1 0. 6</. 

Ilk lOr/. 

26s. 2d. 

Operatives per 1,000 Spindles 

7-3 

5'7 

4-2 

Production of Yarn per operative 




per year, lbs. 

3,0370 

4,97o0 

7,736-0 

Production of Olotb per Operative, 


yards . 

110,580 

31,860 

37,740 

Production of Yam per Spindle per 




Year, lbs., average counts . 

27-0 

28-0 

32-6 

Productiou of Cloth per Loom per 




Year, yards, average width 

12,000 

14,250 

16,500 

Labour (^)st per lb. of Yarn, 




average counts .... 

2-U 

2-Od. 

l-06d. 

Labour Cost per Yard of Olotb, 




average width .... 

■B5d. 

•447d. 

■416d. 

‘ Taking an average of 15 per cent, waste, 
account 

Stocks not 

taken into 


“ From latest published Blue Books, 1903. 
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Taiile I if. 

Aveihoe Wkfki.y Waiiks III- ('iiniiN-\rir.t, Oi'eiiativua, 
M\Sl IIESIKll AM) (h.l)NAM I )|sn:il’l's. 


I'''''' I'M* IlHJ. 

«■(» IllXIIS .'.(III llllllll .'iflj IllMIIH 
1"’* li' i V .. k iii-i w. .•!, 


.Sciitclior 

s 

u 

1 .; 


^ 1 

ii 

d 

0 

Oanl-i'oom Ovfi looker . 

-S 

u 

.‘is 

i> 

.■»d 

Jb'awjiig-fmnii* Tenter 

9 

0 

lo 

u 

19 

u 

SpiiinoiV Overlooker 

Mule t;>piinu'r8 (uNernj'eol' line, medium, 

ltd 

n 

Id 

d 

•id 

d 

iind eoarse). 

Mule J'lecora (;i\ejiij;e of line, metlmm. 

lil 

1 

Tt 

d 

4 j 

d 

and coarse) 

.s 

;• 

Id 

H 

11 

Id 

Thiustle Siiiiuiei,-< 

‘1 

0 

1 i 

0 

Id 

s 

d 

Dott'ers . 

(i 

0 

9 

d 

d 

Keel(*r.s ... 

9 

0 

rj 

d 

17 

0 

Winders 

9 

n 

11 

0 

IS 

d 

Warp^irs j 

It.” 

n 

0 

1.) 

d 

Uonmers . i 

It'i 

0 

iti 

!» 


0 

Uoublinf? Overl()okf'r.s . 

Its 

(1 

iti 

d 


d 

Doublers 

9 

(1 

1 -: 

d 

Id 

d 

Ga.ssers .... 

!l 

d 

l:; 

d 

ltd 

d 

Weavers (averugo iiinfilM‘r o|' lotims) . ' 

11 

- 

lo 

.1 

LO 

d 

Avernse of above Heveiiteen elas'-e', tj| 

Operutive.s . 

11 

d 

19 

Id 

ln; 



Coiiipurisou, ciiluulatcd for mnubur ol’ 
houiu worked . . . lOH 1 lU 194 


The alterwF conditions of tlie ojicrativcs are furtlier soon 
, by a comparison of the cost of living during the periods 
given in Tables II. and III. The particulars regarding 
cost of food have been obtained from the books of one 
of the large Manchester hospitals, no oilier data being to 
hand. 


Ts 


2 
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Table IV. 

COMPAKATIVB CONDITIONS OP CO'XTON MllL OPEHATIVES 
IN TBE United Kinodom. 



im. 

1880 . 

1905 . 

Total nninbor <jf Operatives om- 
ployotl ill Cotton Mills 

3,so,000 

480,000 

523,000' 

Number of Half-time Operatives . 

10,0.40 

ol.OOO 

21 ,000' 

Aj!o (if Children admitted to work 



Half Time. 

9 years. 

10 yeai's. 

12 years. 

Ago of Children admitted to work 

Full Time .... 

Id years. 

13 years. 

13 years. 

Average House Kents . 

il. 
d 0 

$. d. 
it 0 

d. 

6 0 

Paid by ono of the Manchester 
Hospitals 




Moat, per 11). 

0 71 

0 s 

0 e 

Flour, per doz. lbs. . 

2 « 

2 0 

1 2 

Bread, per 4 lb. loaf . 

0 Si 

0 71, 

0 5i 

Sugar, per lb. 

Tea, por lb. 

0 7 

0 3l 

0 " li 

4 6 

2 0 

1 4 

Butter, per lb. 

1 2 

1 0 

0 11 


' From latest published Blue Books, 1903. 


One very satisfactory feature in tliis table is the increase 
in the age at which children are allowed to commence work 
as half-timers. It is very probable that at a near date the 
system of half-time working will be abolished in the cotton 
trade, as has been done for some years in the engineering 
trade. 

These increases in production have not arisen through 
any great mechanical invention, seeing that all the radical, 
patents for spinning and weaving machinery are dated 
prior to 1825, with perhaps one or two exceptions, such as 
the Heilemaii Comber, the automatic feeder for openers 
and scutchers, or the piano feed-motion regulator. 
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Wyatt invented tlie drawing fmnie, and Kay the fly 
shuttle in 17dH; Lewis I’aid the card in 17JH, and the 
clever dolliii}' comb mechanism about 17al). 

Harf'reaves invented the siiinniii}' jenny in I7()l, and 
Crompton the mule in 177!). 

• The Bcutcber was inventeil in 17!)7, to lai im|)roved by 
the addition of the lap-end In Mr. Creif^bton lifty years 
later, and the piano-feed ret'iilator by Mr. Lord in IHI'ri. 

Iloldsworth brongbt out his wonderful dill'erential motion 
in 181)0. It is so far back as IH'io that Iticbard Itoberls 
invented bis self-actiiij,' mule, and even the rine fraim!, 
which has made such tremendous strides diiriiij: tlu! last 
thirty years, was invented more than eiehly years a^o. 

There has, however, been a steady improve.ment in the 
detaifs of the various machines, and in the methods of 
production by the machine-makers, .so that it is possible to 
run at much higher speeds, and for the operative to attend 
a much larger number of spindles than fornuirly. 

A few of these improvements may be brielly mentioned :— 

(1) The revolving flat card, in which the old rollers and 
clearers of the roller and clearer card, with the incon¬ 
venience and dirt, are rejilaced by a travelling apron of 
flats or combs. This machine has taken many years to 
secure universal adoption, but on account of the cleaner 
work produced and the less cost fur attention it is now used 
in almost every case e.xcept for very low counts and waste ; 
but it must be said that there are still many people who 
contend that the greater amount of waste made more than 
counteracts the saving in labour. 

The percentage of waste in the roller and clearer card is 
generally about 2, whereas in the revolving fiat card it is 5. 

z2 
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(2) Another great improvement is the presser used in 
connection with preparation frame spindles. This is a 
very simple but most effective addition to the spindle, and 
consists of the addition to the old flyer of a loose leg, to 
which is added a foot called a presser. The outer part, or 
leg, is heavier than the inner part, or foot, and during 
revolution the centrifugal force of the log being greater than 
that of the foot causes an inward pressure on the bobbin, 
thus enabling the machine to make a bobbin which is not 
so liable to damage in the after-process, and also contains 
a much greater length of material. This improvement has 
tended, in a groat degree, to the reduction of cost in the 
preparatory stages of spinning. 

(3) The piano-feed regulator, patented in 18C2 by Mr. 
Lord, is also worthy of notice. This invention has tor its 
object the regulating of the lap. It consists of a number of 
pedals like the keys on a piano. These pedals “ feel ” the 
cotton, and if it is too thick or too thin they put into action 
a motion which decreases or increases the rate of feed, thus 
automatically adjusting the volume of cotton in accordance 
with the weight per yard decided upon. 

(4) Another patent of importance is the “liabbeth” 
spindle for ring spinning and doubling frames. When the 
ring frame was first introduced it had top and bottom 
bearings for the spindle, which required oiling every day. 
This, besides being troublesome, was liable to cause dirty 
yarn, and it was not possible to run the spindle at a greater 
speed than 5,000 revolutions per minute, whereas the 
“ Rabbeth,” or self-contained gravity spindle, only requires 
oiling about every two months, and even with an unbalanced 
bobbin will run steadily at 20,000 revolutions per minute. 
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a speed much liif'lipr than is rcqiiiroi], the niaxiiniiin s)iei‘d 
at which the worker can attend to the I'raiiK! Iiciiio alient 
10,000revolutions. It will la-adily he seen what a oreat(<lIcct 
this patent has had in increasino the |>roduction of yarn. 

(5) Another )iatent is the cross-windino frame. This 
inachine was rendered necessary mainly on aeeomit of the 
changes in the location of the spinnino and llns weaving 
milks', and to meet the dill’erent coniiitiotis existing hi'tweeti 
mule and ring siannitig tnills, ,is also the hostile foreign 
tariffs. These varied conditions made it necessary to he 
able to send the yarn from place to plact! with the smallest 
possible ainoutit of tares. 

(0) Thtsn of late yetirs we have had Ihti introduction of 
the automatic haaler into the hlowing-rooin. This machine 
automatically regulates the sup)dy of cotton to thi! c.ylitider 
or healer of IIks opener, and thtts more, regular laps of 
cotton are produced than formorly, besides reducing the 
cost of attention .fiO per cent. 

(7) For certain classes and ipialities the yarn s[)mi on 
the mute is still considered to he superior to that producial 
on the ring spinning frame, especially tor the very line 
counts. Although the self-acting niiihi was invented and 
introduced some considerable time previous to IH.'ill, the 
main principles are still the same, ami the same facts hold 
good that this machine has only been improved in its 
detail parts. One of the main advances is concerning the 

, number of 8pindh>s per mule. In ISot! and 11I0.5 they were 
500 and l.liOO respectively. 

(8) Finally, there is the introduction of the varirrus new 
types of looms. Previous to these there had been no 
radical alterations in the design of the loom for more than 
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fifty years. The automatic loom has made rather slow 
progress in England up to the present time, but there is no 
doubt they have come to stay. When it is borne in mind 
that a weaver can only attend to six looms of the old typo, 
as a maximum, wliercii-s he nan attend to twelve or more of 
the new type, it will be .seen that these automatic looms havg 
a future before them. 

Jn 1850, the earliest period in the tables of comparison, 
on page 823, the average spinning mill was constructed on 
very unsatisfactory principles, and it would contain about 
30,000 spindles. 

The mills generally had narrow, low, dark and ill-venti¬ 
lated rooms, and the sanitary arrangements were exceedingly 
poor and unsatisfactory. 

The power was in some cases transmitted by meanc of a 
water wheel, but steam engines were more generally adopted. 
Thc.se engines were of the beam typo, single condensing, 
with cylinders up to fiO ins. diameter, and 8 ft, stroke, 
running 20 to 30 revolutions per minute. The steam 
pressure was from 20 to (iO lbs. per square inch, and the 
consumption about 25 lbs. of stoam, and 3J to 5 lbs. of coal 
per indicated horse-power. 

The power was transmitted to the various rooms by 
means of spur gearing. 

The spinning spindles were either of the mule or ilyer 
type, running at 8,000 and 3,500 revolutions per minute, 
and producing '52 lbs. and 'I lbs. of yarn average counts,., 
32s. per spindle per week of 60 hours respectively. 

The cost of such a mill was from 45s. to 50s. per spindle, 
including buildings, boilers, engines, machinery, and 
accessories. The cost of a weaving shed was per loom. 
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At the present time the average mill contains about 
80,000 spindles, and the yarn produced may be taten at an 
average of 40s. counts. The buildings are of the most 
approved design for cheap production and economical 
driving, and the sanitary arrangements are of the latest. 

The machinery is so arranged that the raw cotton froirf 
the bale passes through the various machines until it 
arrives in the warehouse in the form of yarn, without 
traversing the same ground twice; that is, it pursues the 
shortest coui se possible to save cost in handling. 

This is clearly shown on h’ig. 84, which gives-the arrange¬ 
ment of one of the most modern ring spinning mills, built 
in the shed form. This type has been adopted here because 
the whole of the processes in spinning and weaving can be 
clearly shown. In Fig. 8.') a plan of a mill taking the 
cotton from the raw state to the finished product is given. 

The power is mostly transmitted by steam engines, 
although great efforts are at present being made to intro¬ 
duce driving by electricity. Many mills in foreign countries 
have been arranged with this drive, particularly where 
there is a plentiful supply of water, which enables the 
engineer to install water turbo-generators, and to produce 
the electrical power much more cheaply than where steam 
is used. 

Several mills have been fitted up in England recently 
with electrical driving, but the results have not yet been 
made public, so that it is not possible to say what prospects * 
there are for this type of driving. 

Steam turbines have also been installed into several 
mills with very satisfactosy results. 

Where steam engines are used they are of ‘|ihe recipro- 
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eating type, eitlicr vertical or liori/.ontal, with double, 
triple, and' in some cases quadruple expansion, and of 
powers up. to 2,.’;00 indicated hoyse-power. The cylinders 
are made to 6(1 in. diameter, with stroke up to 6 ft. 
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The crank shafts make 60 to 80 revolutions per minute, 
and are fitted with fly-wheels in the form of rope pulleys 
up to 30 ft. diameter, prepared to receive as many as fifty 
ropes of 1| in. diameter for driving the main shafts in the 
various rooms, thus dispensing with all spur gearing, giving 
greater freedom from breakdown, and much smoother and 
quieter running. 

The steam consumption is from 12 to 16 lbs. of steam, 
and the coal cousumi)tion about IJ to 2 lbs. per indicated 
horse-power. 

in cases where superheated steam is used the compound 
engine is about as economical as the triple expansion 
working under ordinary conditions. 

The present mill hours are 48 per week. 

The flyer frame has become almost obsolete, and' the 
mills are either filled with ring or mule spindles, or in 
some cases both types of spinning machinery. 

The S 2 )eed of the spindles is—mule 11,000 revolutions, 
ring 9,500; and the production '75 lbs. mule, and 1 lb. 
ring average counts 40s. per spindle i)er week resjiectively. 

The various processes through which the cotton passes 
from the bales to the yarn or cloth are shown in the form 
of a diagram on page 334 (Fig. 86). 

The cost of a mule mill in 1914 was about 23.?. per spindle, 
and the cost of a ring mill from 38s. to 42s. per spindle in¬ 
clusive ; at the present time the cost would be at least three 

times as much. 

* 

The cost of a modern weaving .shed is about £26 per loom. 

Most of the extra cost per spindle in the ring mill arises 
from the greater production per spindle, which, as a con¬ 
sequence, requires more preparation machinery. , 



Fjo. 86.—Graphic Illiiatrntion of Procoasps in Cotton hfaniifnctuie. 


The grofitfer cost of the modern weaving sited arises from 
the far superior manner in which^ it is fitted up. 

The greal* reduction in tlio cost of erecting the modern 
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mill is further apparent when it is known that the average 
wages of the employees in the machine works have increased 
12| per cent., and the hours have been reduced 7^ per 
cent. 

It has only been possible to do this by the introduction 
of labour-saving.machinery of the highest type. 

The machine construction branch of the textile industry 
is now so well organized that even with the heavy duties 
which are imposed by foreign countries the greater part of 
the machinery used in all parts of the world is produced in 
England, and there does not appear to be any reason to 
fear that for a long time to come England will lose her 
supremacy in either the machine-making or the spinning 
or manufacturing branch of the textile industry. 

The whole of the textile industry and the businesses con¬ 
nected therewith are in a state of transition at the present 
time, wages having been increased to a large degree and hours 
considerably reduced. This makes it difficult to give anything 
definite in comparison with past years, but there is the 
certainty that, unless more mills are erected, the output will 
be much less than in 1914; how much, time alone can show. 



CHAPTER XVII 

THE LINEN INI1USTKY IIISTOIIICALLY AND COJIMEIICIAI.I.Y 
CONSIDEIIEI) 

The cultiviitioii of lliu llax {iliuit, llio K(!]iarali()ii of Iho 
fibres from tlie straw, tlio iHopariiif' ami spliiiiini' of llawo 
aailie fibres into yarns, and tlioir siibsnipKait nianufacturu 
into linen clotli form to-ilay no insif;nirK:ant braneli of llio 
textile industry, uniploying, as it does, tons of Ibonsands of 
persons in the various pro{;rossivo suctions from tlio sowiiif; 
of tho flax seed to the distribution of the finisliud woven 
product. 

Earliest Recoisds. 

The Biblical records testify that flax was cultivated, 
yarn spun, and linen fabrics woven in tlu! jiatriarcbal 
times. It is also interestiiiR to know that tlu! manufacture 
of fine linens is spoken of in all classical records, books, 
and writings from the earliest times. 

If 'the growth of flax, together with all the subsequent 
processes 'of preparation and manufacture into cloth, were 
considered from the point of antiquity alono, it would form 
an interesting volume, since most people manifest an 
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intense interest in anything which can justly claim to have 
its foundation in prehistoric times. 

Flai.—Tlie first mention in the sacred writings of flax 
by that name occurs in connection with the plagues of 
Egypt (Ex. ix. 31): “ And the ptx and the barley were 
smitten, lor the# barley was in the ear and the flax was‘ 
boiled.” The virtuous woman is described by Solomon as 
one who “ seeketh wool and Jlax and worketh it with her 
hands. . . . She layeth her hands to the spindle and her 
hands hold the distaff. . . . She maketh tine linen and 
selleth it ” (Prov. xxxi. 13,19, 24). 

Scriptural Records; Linen.—The first scriptural record of 
linen described by that name is found in Gen. xli. 42: 
“ And Pharaoh look off his ring from off his hand and put 
it upon Joseph’s hand, and arrayed him in vestures of "fine 
linen, and put a gold chain upon his neck.” This was 
in 1715 n.c., when Pharaoh exalted Joseph to the second 
position in the kingdom. Though this is the first refer¬ 
ence to linen in the Scriptures, it is very evident that linen 
fabrics were made long before this period, since the 
reference is to fine linen, and flne linen can only be manu¬ 
factured after many efforts and long experience. The 
sackcloth which Jacob put on (Gen. xxxvii. 34), when 
Joseph’s coat of many colours was brought to him, was in 
all probability made of coarse linen cloth. Some historians 
contend that coarse fabrics of flax were produced in the 
antediluvian age, and that the covering of Jabal’s.tents 
(Genesis iv. 20, 3875 b.c.) were made of some coarse 
flaxen or hempen material. 

Linen—Emblematic of Pgrity.—Wherever cleanliness and 
purity were required the chosen symbol among fabrics 
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was linen, and in tliis respcet it stninls uni(|iii' aninnf; all 
textile fabries. Jlosas, in eniimi'iatiiia to tlie |H‘ 0 |>le the 
articles which might he ollered for the litling and e.om|ilelmg 
of the tabernacle, says ; “ And blue and iiurple and scarlet and 
fine line.n and goat's hair " (K\. x\v. I). Later, a hen Aaron 
and his sons were set apart as priests unto thejieople, instruc¬ 
tions were given that Aaron’s coat was to be embroidered in 
fine Unen, and that his sous were to wear linen breeches. 
Further, whenever the .lewisli jiriests entered in al the gali's 
of the inner court of the sauctiiarv I hey were to be clot lied wit h 
linen garments and no wool was to be upon them while they 
ministered within the gates. They were also to have linen 
bonnets tipwn their heads and linen breeches upon their loins 
during the ceremony, and were not to be girded with aiiytliiiig 
thattfauseth sweat (Exek. .xliv. 17, Id). St. John the Divine 
describes the seven angels as being clothed in pure wliile 
linen,and sayst “For the fine linen is the rigliteousness 
of the saints;” and again; “The armies wbieli wore in 
heaven followed him upon white horses clothed in line 
linen, white and idean.” 

Evolution of thk Linbn MiNri'AiTniK. 

Egypt—the Birthplace.—Historians generally agree that 
linen was lirst manufactured in Egypt. The lla.it |ilunt 
was indigenous to the soil of Egypt, the climate iiiid the 
Nile were favourable to its growth, and there appears to 
.be no doubt as to its extensive cultivation in the earliest 
history of the country. It is an established fact that linen 
cloths were-made in Egypt more than 1,000 years ago, 
specimens’of the linen having been discovered in the land 
of the Pharaohs which were proved to be at least that 
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age. Solomon had linen yarn brought out of Egypt, and 
the king’s merchants received the linen yarn at a pri6e 
(2 Chron. i. Id). 

As already intimated, many of the fabrics woven in those 
early limes have been preserved unto the present day as a 
result of the practice, then common, of embalming the 
dead. The choice of linen for this purpose was due to 
the material being able to resist Ibe development of animal 
life in a more marlced (higi ee than fabrics made from animal 
fibres, such as wool, which germinate animal life much 
sooner, and consequently would defeat the end they were 
intended to serve. 

Many of the limms thus preserved were line in tevture, 
but “ set ” much closcu’ in the warp than in the weft. This 
may bo largely dm* to the method then practised of insert¬ 
ing the shuttle into the warp shed with the one hand and 
then receiving it at the opposite side by the other hand. 
Then, too, since there was no “ lay ” for beating up the 
weft, the operation had to be performed with the aid of a 
stick, which necessarily meant slow and tedious work, 
however skilful the weaver might be. Nevertheless, some 
few of the textures thus woven compare favourably with 
many modern productions. A specimen among these cloths 
in plain weave revealed as many as 90 threads per inch in 
the warp and 45 in the weft; a second contained 150 
threads of warp with about 70 shots of weft per inch 
respectively, involving the use of yarns which exceeded 
100 leas of 300 yards each per lb.—a fine yarn and sett 1 
One specimen is recorded to have contained at least 250 
double threads per inch, with half the number of weft 
threads for the same length. The ancient tombs of Egypt 
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reveiil liy pictures and nthrr Iiicro^lypliics the progressive 
Btages tlironeli wliich llie lliix 2 )asse(l in those preliistorie 
times, and, singularly enoueh, tin- preparation of the lihre 
as then piactised corresponds in many respects to the pre¬ 
sent method adojited, es|iecially in Ireland. Some eonsnlei 
tltis an indication that the oiipin of the industry m the 
Emerald Isle was due to the minration of some I'leypleois 
skilled in the art There are man\ evidences to show that 
the Egyjiiians produced more \arn than their looms could 
weave and more cloth than the people themselves conhl 
consume, which, comhined with the laet that they were not 
a commercial or maritline people, p^ive an opportunil \ to 
the I’hieliician tr.ideis, who ii.iviealed the. hi”h seas for 
thirteen centuries to distiihiile their yarns and woven pro¬ 
ducts'. Much of the latter was tirst d(diveri-d in 'I'yre, 
where the inhahitanls dyed the fahries in colours, for 
which they were lainoiis, and afterwards the I’lio-nu lans 
re-exported the ”oods to I’ersia, Arahia, I’alestine, (ireece, 
Italy, Sfiain and France, etc. 

Decline of Linen Manufacture in Esypt. Kventuallv, a.s 

the years rolled on the f;reat enterpiise hitlierlo displaved hy 
the ligyiitians in the peaceful ,iit- and lleredilaiv skill in 
te.xtile crafts hegaii to wane anil gi.uln.illv decayed. 

Carthage, Babylon, and Greece.-- With the advance of 
time, the renowned city of Cartlniee conducted the mari¬ 
time, commerce of the world, and di.schaiged the duties of 
'factor in Jiite hiimi.s as well as other textile materials. 
These goods they sent westward into the countries ol 
Eurojte, iyotuding lirit.iin. In lialolon and the whole 
region ol tlje Knphrates the ciiltiyation ol Hax was largely 
carried on, nud the mauulactuie ol Imeu was coinmon in 


T. 


A A 



oo-t J 11 !) Jjr^n 

« 

all the cities on tlic. banks of th(! Tiftiis; but this industry 
has long since become extinct in these countries. (Ireecc 
had also a small share in the growth of Hax and manu¬ 
facture of linen, though she was never much noted in this 
respect. 

Italy—Eome.—It is but natural to expect that Imperii*! 
Eorne, exercising a world-wide influence, should seek to 
introduce into her country such a peaceful and profitable 
art as linen manufacturing. In her earliest days of con- 
(|uest and supremacy she chiefly imported linens from the 
East. Eubsequontly she gave every encouragement to tlio 
manufacture of the finest linens in several parts of Italy. 
The most important step probably ever taken in this 
respect was when she formed guilds or colleges of the 
factories which were noted for the manufacture of th^ best 
qualities and varieties of linens. In these Imjierial fac¬ 
tories all kinds of clotliing were made for the Emperor’s 
family and court, and also for the officers and soldiers of 
the army. The guilds were also useful in collecting 
knowledge pertaining to the weavers’ craft and of dissemi¬ 
nating it by her legions throughout the whole of the llomau 
Empire. 

Spain.—After the withdrawal of the Roman soldiers from 
Spain the Moors overran the country, yet it is recorded 
that they manufactured linens on an extensive scale and 
exported large quantities. 

Germany and Austria.—Ever since the dawn of the seventh* 
century the linen trade has had a home in Germany. It 
is one of its oldest branches of industry, aivl formerly 
ranked amongst its most important. In 1161] the Hanse 
towns of Hamburg, Liibeck, and Bremen formed a league 
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to ])r()let‘l llioif irjido ami of wliich liiioii piat- 

(lucts fonmal tho most iiniiortam hivtioii, Tlir llaiisoiitir 
Laasiio oxisli'il foi' M'voial (‘I'litm-ics. diiriiio wliiidi tiiiu! il 
disiiibutod tlu‘ liiU'ii lllaIlufactll^('^ of (ionuaiiN ihioii^iioul 
the cliiet ceiilros of iMirope. In Hvi)i|ia(h\ with (lormaii 
■lliaiiufac'tiive, Austrian liiiiuis dale fi’om aii oail\ poriod. 

France.—'I’liere was an extonsivo prodiiclion of liiions in 
(iaul at lilt; liint; of llio lioioan iloioinalion of iliat l■olnll|■y. 
and, nohvilhstandiii},'all the vicissilndos id poliiical forinnc 
and revolution, Llit; people have alway.s earriod on a fon- 
siderable trade in the most didicate and linesl of linens and 
other textile fabrics. This branch of the Irado receited its 
greatest chock innuodialoly following 'die llevociilion of 
the Udict of Nantes, 1(18'), when the per.seciilion of the 
I’rott'stanta hecanie so acule that fully (100,(100 skilled 
artisans, ciiielly persons cnoaoed in Hio texiile tiade'., were 
obliged to It'ave their nalive lanil and .seek leliige on other 
shores. .Mioiit 70,000 of these refugees found a home in 
(ireat Britain or frtdand, and just as the woollen (rude, of 
(ireat Britain was nialerially assisled hy the iiillux of Ihese 
skilleil aitilicers, so the linen Iriiile of Ireland reeeivt'd ils 
greatest impetus hy (heir advent. 

Various European Countries. Odier Muropean eouiilries, 
notably Holland and Belgium, carried on a largo and 
important trade in linen for an extensive period. I>elgiuni 
has always paid great attention to the cultivation of llax, 
and ns far hack as the tenth century she began to he famous 
for the manufacture of linen goods. On a somewhat smaller 
scale the Jlilx |)lant was cultivated and linen cloth manu¬ 
factured in other eoiintries. notably Portugal, Denmark, 
Norway, Hwpden, Switzerland, Turkey, and Biissia. 

■ .\ 2 



United States of America —The United Stales of America 
(frows mucli flax, but its manufacture is, and al\vay.s lias 
been, comparatively small. To-day she is one of the liest 
customers of Irish-made linens. 

Orkat Britain a.nd iKKr.A.vn. » 

No historical description of the fla.x industry would he 
complete, however brief, unless some reference, were made 
to Ireland, where to-day, and for at least seventy years, the 
production of flax yarns and manufacture of linens have 
stood out pre-eminently. Of necessity this industry in 
Ireland is inseparably linked to that of England and 
Scotland. In the traditional records of the “ Four 
Masters ” of the fifth century reference is made to “ the 
weaves,” “ the flax scutching stick,” “ the distaff,” etc.', the 
inference is left to the reader. The laws of the judges in 
Ireland, known as the ancient Brelion laws, required the 
farmers to learn the cultivation of flax. 

The earliest authentic accounts of Irish linen manufacture 
date from the eleventh century, but the cloth made was only 
for home consumption, for the first exports occur in 1272, 
when it is recorded that Irish linen was used at Winchester, 
(ienorally speaking, blngland and Scotland acquired the art 
of linen manufacturing before Ireland. In 1253 Henry III. 
patronized English linens by ordering 1,000 ells for his 
wardrobe at Westminster. In the reign of Eichard II. and 
the year 1382 a company of linen weavers, chiefly from* 
the Netherlands, was established in London. But the 
climate and soil of Ireland were better adapted to the 
cultivation and growth of< flax than those of (Ireat.Britain, 
aud consequently she supplied the sister island with the 
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raw Liih r. almiu (In- iiiiddlt- of llic sovonleoiUli 

century, \\t* Unun ili.il Ireland |>?*i>dn(M'd more llax and spun 
more yarn ilmii >lu‘ could womm'. .irul a i*onMS|in*nct 
“The mercdianls of Manchester Ixuij^ht ‘ lynne >arne’ from 
the Irisli in on*at quantities, and after weaving it into cloth 
j’(!turmMl it to freland for ^ale.” 

Al)oiit (lie vear 1(170 tin* l’aii;h''li (oKciiimenl soiiiilit hv 
ev»*rv means m lnr p<i\\cr to rncouiajxc the linen indnstrs 
of Ireland m its eiuireu It was not, ho\Nevei. until lli«‘ 
seventeiail!) centuiv was \v<‘ll advance<l tliat llie lush linen 
trade attaiiasl an\ <‘oimneicial mipoi(an<*e TIm'II ovvini; 
lar^elv to tin* l ister <*olomsts Irom Scotland, ami l.iter. tin* 
intllix of the sl\llle<l Krenc.h refuei^rs. especiallv one Louis 
(h'oinmelin.a. wi'althv lluoiienot. \\li<» was induc«‘d to settle at 
Taslwirn, near lleltast the limm indnstrv of Ireland nnwle 
rajiid proei,.>s. (iromimOin, on the Ke\<Mtation ol the Kdiet 
of Nantes, (1 (m 1 (iist into Holland, where he heeaine persmuillv 
a( 5 (piaint<‘(l with William. Ih nice of ()ranee. alterwards William 
Ill. of Kii^Iand, hy whose persua^nai he w'as snhseijuentlv 
induced to settle iu Ireland. Hen; he sp.irerl no personal 
expense iu introdiujine improvements lot developing the linen 
indnstrv, notably in re<iard to the spinning wlieel and tlie 
loom, and involve,d liiiiHell in an expemlitiire. oj tJO.tMM). 
h’or tln‘se valuahle .services he n*ceived a erant ol XS(M) per 
unnnm. but- owinj' to tin* death of his Koval pilroii. William 
111., the ^rant ceaseil after tfic sceond ye.ir. In I he y<*ar !71J 
a Koval (Commission was appointe.d to empiire into the Iri.>'i 
linen trade, and reported that " Louis (Ji'oinnn^lin ami the 
Huguenot colony luive been largu'ly iuHtruiiiental in im¬ 
proving and propagating the 'flaxen uninufRctureB in ihe 
north of Tn-land. and the perfection to which the same id 
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folding the cloth into lengths, tj’iiig,in the clips acting by tlie mechanical power of the lever to press 
the cloth round and firm, and sealing it preparatory to sending it to the Linen Hall. 
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brouglit in Unit |iiii'l of tlic rouiili v is lingrlY owing to tlir 
skill iijul iinliislrv of llio siiiil tTiminn'Ini. " (Toininclin's 
nnnip, together wilh lhat of l’liili|) ile (ier.iiil. (lie mvenlor 
of the wet-spinning process, is Inoiig still fmllier per¬ 
petuated on paiuils in a slained-glass window devoled lo 
Jlle 'I'l'Xllle Indllsl l ies I )epai I nielli in I lie I 'ollege ol Tei lniolo;!\ . 
Bellast. 

Linen Board of Ireland. In 1711 llie Knglisli I’aihainent 
created and endowed a Hoard ol 'I'nislees of hnen and 
hempen mannfaeliirers of Ireland In further eiieonrage ami 
develop the linen indnstrv, l•llrnlg lls existeiiee llie Hoard 
e-tpendi'd asnmof nearly L'l.T'iH.IMH* sterling fioiii Imperial 
taxation lor this purpose and the ereelion of a I,men Mall 
in Dtihlin. I |«in the dissoliilion of Hie Hoard in IHAS, 
Ireland had estahlislied her proud posilion in the world as 
an important linen mannfaelin iie.; eeiiln , and was fust 
disiilaeing in the markedsof the world the procliiets of other 
linen-producing eoiintries. 

Sealing of Linens. Among the many iiseliil regulations 
imposed hy the /.laeii ll<iiir<l was llie nitrodiii'lion ol 
an (>li'«-i(iJ Snil lor marking idnh’ linens hefore heing 
exposed for sale, which lesiiltid in a mueh-iniproved and 
superior-woven fahrie. (luaranteenig as it did correctness 
of length and jierfeclion id make, it insiiired puhlic conlidonce 
in all htiyei'S of Iri.sh linens. Snhseipienlly the regulation 
stamp was extended to k/v./ia linens also wilh ei|Uiiily 
henelicial results. (For illuslnition see Fig. 87.; 

Progress in Irish Linens. Hy the yeiir 1730 the trade 
had made .such progress that in one month alone frelatid 
sent to the metropolis three times the length received hy 
London from the whole of lloll.^nd; and so much did the 
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linen trade of Ireland prosper that foreign manufacturers 
of linens became greatly alarmed. 

In 1689, when William 111. ascended the throne, the 
export of Irish linens amounted to 1112,000; in 1701 the 
amount reached ,1114,120; the litth decade of the same 
century saw the total at £36,'5,838 12s. 3(f., so that in los^ 
than half a century the trade increased 250 per cent. If to 
this be added the cx[iort value of linen yarns for the same 
year the total value of linen exports reached hall a million 
sterling. 

In 1742 an import duty of 2s. lOif. per web was imposed 
on all foreign linens, and a bounty of Id. per yard, later 
increased to 5(/. per yard, on all liritish and Irish linens 
exported exceeding Is. )H!r yard encouraged the production 
of the liner fabrics. 

Checks and Progress.—The linen ti-ade of Ireland was not, 
however, of uninterrupted progress, for in the year 1773 
about 30,000 people emigrated to America from Ulster alone, 
owing largely to trade being so bad. Yet statistics recoi'd 
that in the year 1784 the linen exports reached nearly 
25 million yards, equal in value to about £1,250,000 and 
twelve years later the amount was practically double in 
c|uantityand value. At this time the finest linen cambrics 
sold at 2,5 guineas a web, equal to about one guinea per yard. 

Modes of Exchange and Value : Eighteenth Century.—At 
this juncture it may be interesting to briefly consider values 
and methods of exchange of the period. In the year 1776 , 
brown linens sold at lO.Jd. to lid. yier yard for 8°° (forty ends 
])or inch). The weaver sold his web to a draper -who usually 
yjossossed a bleach green ; th*e cost of bleaching was from 3.9. 
to 3.9. 2d. per web, or 90s. to £5 per thirty jiieces. *Wheu fuUy 
bleached the draper sent his material to London, the Linen 
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credit was oivcn^ id Ddidid two to tldi'i' modllis, niid ciisli 
wlu'il the fabrics were sold persodiillv add .it all the loe.d l.iirs 
(see Fig, KiS). Spiiiiiers were paid .'W. to h/. .itnl we.ivers llli/. 
fit 1.','. Id. pe.rditv. The .se.tts r.oioed from .S tolil .and the 
^trices paiil lor wiMvitig were ,s .'J'.i/. . |ti ll.'.i/. ; 111 . :l'|h/ 

Hi '.W.; I.S . lOJd. . .iidl ’.ll l.<. 7,',i/ per i.ird. The' 
lla.'c spinners were freipieiillv eiiL'.iged he the drapeis at III.'., 
to I2,s per cjiiarter, mehidiiea hoard and lodgdig Time had 
to giia,rantee to turn olf Iroin live lo eight hanlis per week : 
itsiiallv au average spinner could spin si\ hanks (d.lilltl v.irds 
per hank) of 7:Ts lea, i.e., 72 X oliti 2l.tillll yaids pi'r Ih 
The value of this yarn for an I.S sett wa.s worlli approvinialely 
Hil. per hank, kv. per Ih., or I l.v. Id per Inindle lielfasi had 
two'linen halls in which she eondne.ted her evehaiieej,. vi/.., 
the lirown Linen Mall in Donegall Slieel, originally Imilt hy 
Lord Jhmegall. now disnianth'd, and the Whili' Linen Mall, 
originally built hy snh.scii|it,ion in Donegall .Xipiare, hiil, now 
rejihiced by the inagnilieent- Dity Mall. 

Flax Cultivation, Harvesting, and Preparation. The lla.\ 
plant is an aniuial and ninst, theielore, he cniliv.ileil ; Ms 
natural tendene.y is to produce seed which may he used for 
sdhsequenl sowing or harvested lor leeding pnrpo.a-.s onlv, 
but the diarket reipiires it e.hielly for I he lihie The .seed ol 
this plant, for lihre ])nrposes, niiist, Ihi'ielore. he carefiillv 
selected and sown sulticiently [trofiise to ensure that the jthinl 
will grow up solitary, erect, and elegant in appearance, each 
piece, tcriuinating in a blue or while flower, which eve,td,ually 
develops ijitf) fruit bolls containing ten seeds. 

The flax^plant is made up of three parts: the skin, the 
fibres, and tjje pith or wood. 

The fibres are found in concentric layers external to the pith 
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or wood, with which tliey are held iu aggregate bundles by 
an adhesive or gummy substance—more correctly described as 
apectinom compound—which may subsecpicntly be dissolved 
by a process denominated Hitting, after which the fibre readily 
peels off if subjected to a beating process known as scutching. 

The. scutched flax is the raw material to the flax spinner.^ 
In this natural form it ap|)ears to be very long iu fibre, but 
this length is only artilicial, because the unit fibres are, •only 
abo\it 11 to 2 inches long. They are lield together in their 
natural and commercial state by the, .same ])ectinous compound 
which binds the fibres to the stem of tlie plant. 

The unit or ultimate flax fibre is fine and strong, inelastiii, 
but most dur.able. It is cajiable of being spun into a wide 
range of j’arn numbers and sorts. Woven or knitted fabrics 
made from flax yarns are characterized by their propensity 
to ah,sorb and readily give o(T moisture. They possess hygienic 
pro])erties far cirelkace, and should couse({Ucntly be fre- 
(ptently worn next to the akin. They arc easy to wash and 
their characteristic clean a))pe.arance is always an in.spiration. 

The flax plant will grow in almost any climate and soil. 
The soil must be well prepared by ploughing and harrowing 
until a very fine tilth is ac(piired. A temperate and equable 
climate, free from heavy rains, frost or snow, is usually con¬ 
sidered the most suitahle for the cultivation of flax. In many 
countries the flax-growing districts are significantly adjacent 
to the sea. 

In the British Isles the flax seed is sown from about April 1st • 
to May loth. The cro]) is usually ready for pulling in about 
twelve or thirteen weeks from the date of sowing.^ If there 
are many weeds in the growing crop they should always be 
pulled out by hand, when the young plants are 2, p or '4 inches 
high, because a flax crop must always be clean. 
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riu‘ younji plants iK'gin to Moom tow.nils tiu* cml (»f .limi' 
in the British fslns. and tlnai tho \\ho!«' rrop pri'scnts a inana 
of boantifnl him* llowns hmniii Jhc Ihovnini; period tin* 
jdants sltool u]) r.ipidlv, and add about 1 undi to tln'ir In'ij^lit 
(‘Wrv (lav. As soon a'; tin* llowns hf^Mit to f.dl tin* jilant 
4 ’(*as(‘s to »fr()w in h’liut li. Init the* soed liolK ni.iko llinr appoar- 
anc(* and continm* <h*\(‘l(»pint£ untti th»‘\ an* ^doiudai in sliapi*. 
At lirst tin* s«M‘d is inilkv .ind whit** looKunx. Init iiiailiiallv it 
solidilics and ]>ass(s from wliitr throiiLdi pah* iin'i'n to a 
brownish tint, at which pciiod the (la\ is le.idv lor piilhn;;. 

Kroni tnm^ nnniemorial it h.is bci‘h the pi.n-lMM* tt^pull flav 
lip ))y tin* root and l)V hand, wliicii. tiioii^li simple .md easv 
to learn, is slow and e\p< nsiv«*. 

At the pres<*nt time nuim'ioiis lla.\-pulhn^ machines have 
beerf introdnc«*d . tlieso an* still in their e\)K‘nnn‘nlal sta^ie. 
but evidenc(‘s are not wantinj^ that in sonn* instances the 
fun(lam<‘ntal prin(‘iph*s ot m(*chanism liave been rstablished 
and only im]>rovi‘im‘nts m ih'tails await solution 
Jf tin* Ha.x plants have b(*en pulh'd lor the twohjld pur|M»se 
of suvin}^ tin* sei'd tor subse«pient sowinjrs or feedinj; purposes, 
in addition to securing' its lilire. then tin* lla.x stiaw must Im* 
dried and de-.seede»l beton* unythiiii; further can be dom* 
remove the flax fibre from the ])lan1 
The removal ol the fibres of the flax plant involves tlins? 
distinct operations : (1) Uottinj;. (2) dryiiij;, and ()t) senteliinj». 
The obj(*ct of nilniff is to det oiiiposc bv frrtHinlalutn tin* 
• peetinoiis compounds which bind the filues to the stem. 
Tlu're are nninerous methods of retting; adopt(*d at the present 
time; th^‘.sV inehide steepinj; the Ha\ straw in ponds of 
sta«mant water or in shiiruish nvrrs. in corn-rete. or wooden 
tanks. The^LvH at CVmrtr«ai is a typical examph* of .such a 
ri\ er. Retting is aunietimes done iu open fields by exp(»sing the 
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flax to tile (lew, rain, snow, o(il(l and Iwat. nil of wliicli factors 
coinbiin* to loosen tin' (ibre from tlie stem. 'I’liis i.s denominated 
“ dew rettin!',” and the ])roe('ss oeeii|>i('s abo\it six weeks. 

Ihnid rettinj; rei|nires from eif'bt to sixteen days, aeeordinj' 
to the softness and te,ni|)('ra1ure of tin' water. Waini water 
rettiiijr in tanks nsnallv oeenpie.s from li\'(' to seven davs. 

When the, flax is judni'd to be sidtieielitly retted it is taken 
out of the water and evenly spread or jraited in the lields untd 
it is thoroughly dry. The drv ix'tted flax is next, and finally, 
sidrje.cted to an operation teehniealiv denominated Ki-iilrliiiif/. 
This operation is intended to break the pith or wooden matter 
in the straw by jiassinn d, between a, series of fluted rollers. 
Subsequent!\’ the hruised straw is subjected i,o the. beating 
action of a series of rolaling wooden blades securely mounted 
on a steel shaft, which may be driven by leind, water or any 
form of mi'elianieal power 

The, yield of scutched (lax to dry I'etted straw varies verv 
much, and this may be due, to one or many causes. The 
following are a few typical yields selected from practice 

(1) Fresh jnilled flax straw jier statute, acre, 4 to 5 tons; 
dry retted flax straw |)er statute aero, 25 to 30 cwt.; averagi* 
yield of scutched flax [le.r statute acre, 32 to 30 stones, 

(2) Six hundred pounds of dry retted straw yielded 120 lbs. 
of scutched flax, 30 lbs of re-scutched tow. 

(3) A farmer in Ireland in 1919 sowed 2 bushels of flax .seed, 
from which he, secured 17 stones of scutched flax, which was 
graded by the (joverumeut graders as No. 2 quality. 

(4) The average pre-w'ar return in Ireland was approxi¬ 
mately 30 stones per statute acre. 

Spinning and Weaving by Machinery.—The introduction 
of spinning and weaving poww, though difficult at first, 
gradually displaced to a consideral/le extent the hand method, 




. nS - liio T.ot..il Liiicii Kiiv at Baiibruljrt', lu Cuinity Ii.I.ji.l ii. th«j -.M a Th- 

ut*n\er8 are lii>liUnL>- u}» Their Trebs of the M*- 1 * ucs - .jn-l barer-aie ,, 

forms examining it- .pulity. 
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and ai.so cotilnili^cd tlio work in mills and fattories. Tim 
s))inninf» of flax by niiicliinory was atlemiited in Great 
Ibilain fully a dorado jirovious to any similar o\]mrinmnt 
in Ireland, nolwiliislandiiif^ tlial llio latti'r oonntr\ had 
aci|nirod a consideiablo reputation for lla\ spinning. At 
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i’nnn <1 lilitiifojKtjili hlj .1 /• limit 


lirst it was only possible to pioduco In machinery the 
coarser and lower dry spun numbers of yarn. The first 
machines for this purpose were stalled in Cork, and later 
at fSallymena and Grumlin, in county Antrim, about the 
year 1787. The Irish Linen Goard. which at that time 
was still in c.xistence, sought to encourage the en terprise 







spinilin*' inoi-o- i.\ I'lnlip .(.■ (.m.ihL ->1 1 mI.oiiI, 

• the yen] Tin- |j|i)ci '> w.i' 'itli jitl\ and 

fnlly appiM'l 1'^ \l.ir-iiall> nt iJaM. i ol' 

MullmlliuiT nl lall. 1 - 1 . and Mtiil.ind ot in 

tin* \ nar 1 H’jH Ml "I - MidI.ui'I -i.tri'il th*- cntci pi i-n, aiid 
lU Llit’*\»"ai I’lillnw in;: M<"i', \l nlli'illaiid, ii(U\ tlir V)rk 
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Slrout I'liix Siiiiiiiiiifi Mills, Belfast, adopted the new pro¬ 
cess, whereby it became possible, with the use of hot water, 
to soften the gummy matter which holds the Hax fibres 
together, and redu(;e tlieiii to their ultimate length and 
fineness, and so to draw and spin them into yarn of a 


t 



111.—Kettiiijr Hax : taking flax out of flam ultei, say, ton days. 


h'rouxa iihctoiirtijih hi/ .1. F. Ilarker. 


much greater length and fineness than by the dry-spinning 
process. Undoubtedly the discovery and practical applica- • 
lion of same thoroughly revolutionised the spinning, and 
eveuliially exerted an immense influence over the weaving, 
liy causing a greater demand for power looms. Ireland 
now began more rapidly than ever to aci|uire yie lead over 
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foreign linen-prtMlufing nmiilru-s in the iiiaiKi'ts nf tlio 
world: and Uolhisl. llir irmir of ilu* ln"!) linm iiaili'. mil 
onl_\ niJiintaiiied, liut inere.i^ed lier pinii'l ]tosiiii)ti auinn*; 
the nianiitin'liirin^ centii"', wliilst, lo-dav she uiiiKs as holli 



02. Max (Inin^r — Stuck afna icttiiiir 

II }iif .!. /' liiii'l.ii 

llie indiistri.il ('Mpilal (d Indaiidand iIh* nichojjoiis ol thi' 
\N()rld's linen iiulnstrial centn-s. 

• Statistics dn not sliow any con^nh'i iiiih-!i(|i)|)liiin of jinwer 
looms prior to IS-Vl, hiil the iollowing ahhreviate<l lahle 
will give scpfni i«lea of the tlevelopnient in the spinning and 
weaving of Jineti ihronghout ifie eoiintiy since the advent 
of luachiner;^. 


T 


a u 






••170 


TKXTTLES 


I fai 

1 .ViMiili“i III S|imille^ III 

1 Ninnlii'i 111 1 

lirluiil 


IStl 

250,000 

_ 

1850 

020,(too 

58 

1850 

507,080 

1,871 

IStit! 

770,814 

10,804 

tS75 

021,817 

20,1.52 

ItlOO 

8i:i,o:>l 

02,245 

loot! 

800,1 It) 

34,72:; 

1!)()7 

000,000 

::5,::80 

1008 

010,12:: 

:t5,:tso 

Fell., tttlO 

030,702 ' 

05,022 


Th(“ folldwiiif; ('<»iii|);u'ii.tiv(‘ latcsf: jm' war iiHicial I'rturns of 
B|)in(l!(‘s and (lower looms ciioaood in I lie linen indnstrv in 
the United Kinodoiu and on (he Continent will no donht 
he interest mg: — 


fount It I 

8uimI)i‘| oI 
S),linll,-s 

Nlliiil'ci nf I’owei 
Lunina 

Ireland 

930,702 


Ki'unce 

515,107 

18,083 

Scotland . 

100,085 

17,185 

(iciniany . 

:125.(KI0 

7,5.57 

Iliissm 

300,0011 

7,312 

Knudiuid iind Wales . 

40,011 

4,421 

Italy. 

'77,000 

:l,,50O 

Belgium 

' 280,000 

3,100 

Austria-lluii^'ary 

204,(MMI 

::,:157 

Holland 

8,000 

1,200 

Spain 


1,000 

Norway and Sweden. 

- 

100 

Total for Muropo . 

1,820,497 

13,815 

,, United Kiii;;doni | 

1 

1,120,025 

56,995 

Ulax jiiul hemp. 

“ Hxclusivo of the U. K. 


The volume of linen yarn exported from the United 
Kingdom in 1906 reached the enormous total of 
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14,!)7r>,.’)00 Ills., Iii'iiniij; si inciiuitiin valni' of I'l.fW.Mitl. 
In tlio your IHIO llio ro.siioetivo totul.s woro 'iH,?:) l.JI'J llw. 
iiiul fnim wliicli ilnto llu'ro lias lioon a fjnidiial 



Klfr U.i. 

II iiKl Imlnl yh 1,1/ (. /' /hi,I,If, 

(lecliiiP as ’far ii> yarn u.\port(;(l was ooiicorncd, Imt an 
over-iiicrcasiiii' demand for hoinn iirodiictioiis. Tlir avora^r,, 
anuuar ini|^mb of linen yarn into the Lulled Kinj^doni 
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dm iii^'Ui(i liisi (liM'rulc r(‘iiclM'(llbs. of decliirod 
'riicsc yarns nvc (diiclly of the lower 
iiiiiiiIh'I's. The linen r/eorf.v of nil kinds ('\porled for the yeiir 
1110(1 miiomited inviihie lo 11.'),Ibid,7 11, whilst the tohil value 
of linen vnrns. Hive,ids, and (liece j^oods reaidied I'd.li II ,21(1. 



I'll. Ill 111,'ii(li'iin lll^ll Si'iiti liuin .Mill. 

I'lOiii It Iiln*li>ilii(jili I‘II . 1 . /■’, llml.tl. 


'I'liese siiiiiiiianseil Hoard of Trade returns, lop'ether 
willi Hie laine .iiiioiiiil of linen used for home eonsiunie 
lion, added lo the lael lhat nearly liOO.OOO peojile in (rreiit 
Jirilaiii and Ireland are exehisively eie^ap'ed in the growHi 
of llav. (.he [ireparation and spinning of lung vegetable libres 
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Iictn}'. ,iiul ]iittM. ill) iii.iiiii! (■ : lit I III. 1. I'.iiilm ■ 

"I tinOM \.il l|v ,ui.l tjlii n ^ will -,,|ih l.l. ,1 .*1 Ml. 

IIU‘1 ( l.ll llll|iiH |;i!icr ti' W hlrh 1 liN H|.|l|- 11 \ ill Mow i! I I 111. . I 

Liueii Varieties Tlir \,it ni l.il n. ii;.i,|. ,1,11,1/, 
ill H ^|M i-t In ''I t Hi-I 111 r, .|t‘Mi:tl. i|U.llll \ , ,in.l 111'! ). t ■ hi in 1 1 



I M. '<■' li.-nl- .111 hi-l, Ill, M. 


;,1 i;;ili*r lo-ihlV ih i li in) lin'i j\ '1 Im-.m- ittclihi. |il-i i)i‘-, <1 ik L 
, lioil.ill'Is, 'liici I.IUII'', (Miiil.i iiiiiMil t 

iln->s liiU'ii", iiii'l uiiioiih in iH' «1 •men .I'lnr n<i\ili\ 
vc^liii^l'. — elop - ijulls .111,1 iit.i],, Ilull L.ili.h I •. 
c-tiiiil. iii.r TinKi-li lowcis. fl'inl, \ ii.i|,Kiii- .mhI 
Till woi M-irno’>Mi''I < .inilii ic^ \\*, n; ni,i.l,-.ii ( ,niil,i;n 













in France, and the same country was famous for the 
initiation and manufacture of lawns, while the town of 
Ypros, in Belgium, became noted for the manufacture of 
linen known as diaper—cloth de Ypres—and “holland” 
rciccived its name through having been first manufactured 
by tbc Butch settlers in Ireland. Napkins were introduce4 
for wiping the hands, being all the more neiiossary owing 
to the lack of knives and forks at the time. For "long 
periods those and other standard fabrics have been and 
probably will continue to be made, but the time has gone 
when the demand runs on one particular make or type 
of cloth to the exclusion of every other, which necessarily 
involves that the manufacturer who would succeed must 
learn to adapt himself to modern ideas and ever-changing 
fashions. No linen or other manufacturer can afford to 
stand still; to do so would bo to drop out. In conclusion 
every manufacturing industry which is to obtain and main¬ 
tain a position in the commercial world worthy of the 
name must seek to educate its workpeople by giving them 
a progressive course of instruction in the scientific and 
technical principles underlying their trade; for success now 
depends on scientific knowledge, research, and an intimate 
acquaintance with the inventions, the experiments, the 
successes and the failures of others; and whether our nation 
does or docs not provide every facility in this direction, 
we may rest assured that textile production will continue 
its progressive course, and will be led by those who have . 
made themselves capable of leading by adapted thought 
and knowledge, combined with enlightened eirergy, which 
directs its force to meet the’ vast and varied requirements 
of the world. 
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IIKOE.NT MEVKI.Dl’MI'A’ls \\[i Till-. IT I'l'HI-: III' ITir, TKXTIl.l-: 

IMM .'.TlilT.S 

Ar.TIKH'llll lIc.llU .ill till' |l|■||ITI|l^■^ i‘lll|ilii\Til III li'Vt.ilr 
iniidlimiTV wi'i'r I-. iiM'. 'iiv. liv l.'i.'iO. vlill wiili wli.il imiv 
111'. IitiiiitI till' I'l'lilli'il Iil;;.lliu;ltlii|l iil IIit iHrllllrlll I'l'lllliry 
tluilT li.iM' lii-i'li .mil .i|i|i.iii'lill\ llii'ir will iilwiiiA III'. 'i|i|iiii 
liinitli"' liir till' iiii|iruvrini'n( in mi I'.illi'il " ili'tiiiN," wliirli 
ili'tail.i HIT nl■Vl'lllll■ll'^s sn iiii|iiiil.iiil lliiil llir sl.ilii.s of tllr 
w'lmlc iiuliiitry mm lll•|ll■nll ii|iiiii Ilirm. 

(t) Buildings. Miiiiv niiiiiiivi'iiii'iils .in' tn Im imli'il in 
niiiili'i'ii mill linililni^^ wlii'ii tiiiii|i.iitiI wiIIi .'.ninl.ii' linililing.s 
III, .“i.iv, Iwi'iilv livr M'.ir.i linn. With tin' ni.iti'iiiils liTst 
ii.viiihil)li' lini'k. '•tiiiii' III' ii'iiiliiiiTil riini'ri'ti; nulls hit iiiiw 
ili'Signi'il til ntwi' iilriil l•llnlllllllns lni- wnrlvinn. 'I'lii' w.ills iniiy 
ln' I'liaililv iili'.ini'il, .mil iIit llnnis mi' nut nnlv ih'sifini'il fiir 
cli'iiulini'.ss. lint hImi tn f.ilinnii tin' wnrkris .is lillh' .is iiii.ssilih- 
itnil tn ill lull'll linlM' I’niifs HIT .sn lll'sinni'll III.it. whiln 
|i('.i'li'i;l Iv sIhIiIi', .1 m.iMiinnii nf linlil — nlln'i' tliiiii ilni'iil .siiii- 
liglit —is ntitiiini'il. Till' .s|iH.ns ini' sn ilnsinin'il tlnil fi'W |iillai's 
aiTm'iH'ssHi'V, Inil a iiiin tiiiiillv ii|ii'n s|ihih' |irnvnli'il. nitn which 
the maohim'i'V niiiv In- iilimni'il .it will. In slnrii'il hnihliiiii.s 
it is now ]in.sMl)li' In nlii.iin sncIi slri'iinih I'ninliincil with light 
stnii'.tiiiT that the rnnins mav he cniiMileieil as alinn.st open to 
the light«ail rounil. ainl vet sneh ii mill. Imn or live stories 
high, will fwrrv with .safety a rnnf-tank hnhling tons nf water. 





(2^ Power, etc., Equipment.— The indirect advantages of 
electric driving are sucli tliat not only arc almost all new mills 
electrically driven, but many old mills are being electrified. 
The question of “ unit ” or “ group ” driving is usually 
decided according to the particular machinery to be driven 
In some few smaller mills, suction gas ])lants arc proving^ 
satisfactory. Almost without cxce[)tion hot water or steam, 
for heating jnirposes or for use in certain jn'oeesscs, is a 
necessity. The suction gas plant will provide, about 40 ])er 
cent, of the, steam re,([uired for heating weaving sheds, but 
in electrically driven mills hot water or steam must be 
independently provided. 

A good water su|)j)ly is almost invariably required, and 
if the wat(!r is hard some softening system must be adopted. 
The rormiitit ])rocess seems to dominate for this purpose.* 

InqnovetiKuits in incandescent elcctrio globes have been so 
mai'kt'd that it would seem that electric lighting is more than 
holding its own. There is still usually room for improvement 
in the arrangeme.nt and distribution of light inmost buildings— 
intensity of light is only half the. problem. 

In England the atmosphere is correct for s])inning dviring 
the major part of the year, but heat and moisture are so 
important that in both cotton and fine wool spinning it is 
found advantageous to control the atmosphere throughout 
the year. The introduction of ozone into the air is .still under 
trial, but in many mills the controlled atmo.sphero is found 
by the workers to be actually refreshing and not to lead to 
enervation later. The vexed ([uestions of temperature and 
moisture in dealing with certain materials are still matters 
of debate when the health of' the operative, as well as the 
successful working of the material, is taken into account. 



i'rrri!i: «v im-: tkxtii.k ixhi-snuKs :!h 

(■'!) DetaUs of ArranKement. M.ucnal is Ix infr 
more auton.atiei.llv controlled. TIims, ,menn.ntio .smv.oora 
may he arninned to eaiiv wool ellieientiv for. .sav. l.tMtll feet. 
Such conveyors should he .so .iriMiiired that they inav he 
thoroughly cleaned hedipir' p'luiiiopipo Inpin on<. hleiid (.sav liliMpk) 
to another hleial (sa\ Hhite). Kor the convev.incp' ppI heav\ 
artic'les- •'Wppthers" Irom the •'card" for f-rinpluip;. Io.piu 
heams from the dres.sui^r-ropput Ipi .puv loom, p'tpp. ppvp'rhead 
rails are. now almost inv.iraililv ini lodueed. 

(I) Improvements in Special Machines. |{etiuem.nts in 

ttillin^, to take tlm [phme of tlu' t' ppiiI uu'nt.d intiprsep'lme ttill 
ho.v, havi' he(*n intnalupppsl h\' Messrs. Ih'incp'. fsmith I’fe .Son. 
whosp' tf.I.S. eilI-ho\ eivp's p‘.\e.idh'nt lauilrol ovp-r short 
material. Antoupalic ihpllimr mai'hupp's hpr llvp-r pind cpip 
frtuues ap-e still'>emo ,.ei,|vc(| and. uilh the su|p|iivsMipn of the 
‘‘half-timer.’ will .sppou he well nieh iimvp-r.sal. In warpiiif; 
and dn‘ssin|t tln‘ w;i.r|)ers hpami syslpun is oiislme ptll otlu'r 
systems. In weiivine im pulvanees are to hp' iippIpsI, ppp.s.sihlv 
onilie t(P tlpp' fashippu fppr |phpin tahiics .No .s|pp'p'i.il ipipdlipals ppf 
desiftniii}; havp' ippaple ei,i„|. |,pp( pi p-|.vpvpp| ppf iIpp- liepirpal tianh' 
mijilit haid to further p'ndp'ppvppiip's pn this plip-ee.tippu 

In finishing the .Ih spu- ippispppg ipippchiiipp is mpw ph'spfppuppl t(p 
raise or hind-in tlip’ |pih' pIp-\ p’hp|pp'p|. 

(p5) Automatic Machines. TIpppppp has Ippm-pp pi maiki'd ten¬ 
dency to mlrodiippi' automatic machmi're m lioth tlm cotton 
and wool indiisi up's. Not onlv aie aulomalic Iooipik in 
evidence, hut also autoinatip. draui-is-in, aulomatic tvi-rs-in, 
and automatic ll■asl‘•|llckl•l■s aii' m d.iilv iisp.. Autoiiiiitic 
niacliinery is ofti'U slowlv imi. and sometmn s is run for lumrs 
without a*ny attendants, thus iSainomizing production. 

(ti) Prociss Improvements. -Kor syi'cial work ci-rtain 
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it)\|»roveiiients arc to be noted. For line wool yarns the 
sorting room is now arranged for double sorting. Perhaps tbe 
most interesting development to be noted is the melanging of 
Botany toj)s to |iroduc(! the fine.st possible wool mixture 
(melange) yarns. The Germans led in this in 1914, and unle.ss 
other manufacturers follow this lead tliey will be left behind 
in ellieiency of production- there is no com|)arison between 
ordinary libre. mixtures and to])-tinted “ melange ” styles 
from tin; point of view of “ levelness.” 

(7) Testing and Research.—Most mills are now developing 
testing laboratories, and some of the larg(‘st factories private 
resiiarch laboratories also. Generally speaking, however, each 
secition of an industry—the Fine Cotton Spinner.s, for example— 
is developing a federation research laboratory, or the who’e 
industry—the woollen and worsted, lor example—is uniting 
for this pur|)ose. Research will always find a place in the 
technical universities, e.s])ecially when based upon the funda¬ 
mental sciences, but there seems to be a useful field for such 
an association as the British Research Association for the 
Woollen and Worstrrd Industries, and also for the closely allied 
(lotton and Silk Keseai'ch Associations. The cotton industry 
has also its Cotton Growing Association, which, it is hoped, will 
serve to promote tbe growing of cotton in the British colonies. 

(8) Scientific Management.- -TIk* more careful study of the 
worker along with his or her physical, moral, and sesthetical 
surroundings, is a feature in the developments of the past ten 
years to be specially noted. Machines are now more carefully 
adjusted to the workers ; the activity of the work is so directed 
that the greatest production with the least exertion is ensured; 
and hours of labour are carefully considered. Welfare work 
is making much progress and, when offered in the right spirit 
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and nccppti'il ifi tlio rijilit s|iini, tniil.- iiialpii.illv idHarils 
pfHcieiuiy in tin* nf the Inrin. In<lu^triai 

nouiipils, ostal)lislicil iinil<']' (lip W’liillcv Act, .ire ll•:lllln« tn 
I lie lifttcr |>■'V(•lll)l(l;'i(^ll niidi'r'-tiilKlni',' nf I'niiilnviM's liv (Im 
(‘in])loy(‘r.s and. cntn'risclv. nl the pmpltn'rrs li\ (In- t-iiipluvcps 
Idfimati'lv it mac In- po>sil)lt‘ In sn laisc (In- f'tatn'' nl tin- mill 
\vnrt(‘rs that In- ni sin- m.tv In- vi-nardnd with i-in \ i.itln-i 
than lonkcd dnwn npnn as an niitrasl finm sncn-lv . and tint 
tin- h-ast indiratinn nf a mnvn in this dii'nctinn is (In- imprnvr 
nn-nt in wnnn-ns di-i-ss whit-- slnn-s and stnckmns and wi-ll- 
i-.llt. nii:i-ly i;nlnili--d di'i-ssi-s an- aln-ad\ m i-vidi iii-i- in manv 
lactnrii-s, an-l an- lie nn nn-ans In In- i-ninh-min-d Mi-ii sn lar 
an- not shnwini! mii-Ii an advaimi- in tin-ir atiin- anil status as 
an- \voni(-ii. 

fO) Industrial Economics. Tin- i-niiipli-Min-s pn-vailmn 
ill till- industrial wni ld havi- In-i-n niiii:h in i-\ nh-in-i- (hi'niit’liniil 
till! war, and i-spi-i-iallv diiimn tin- pnst-w'.ir pi-iind. Tn tln- 
niiisid(-r ninst of tin- prmniph-s nf niir i-i-nnnmirs si-i-m In liav-- 
lii-(-n hrniinht intn ipii-slinn. Iml with tin- di-\i-lnpiin-nt nl mk-Ii 
an as,so(aation asthii \Vnrl;--rs' Kdiic.itiniial A'.sncial mii and tln- 
Iii-tti-r i-diKiation nl tin- iiniil rnih-rs nf mdiistrv in niir ti-chnic-,d 
inii\i-rsitii-s, it si-i-ms |i|<i-lc lhal (In- fiiinlann-ntals nl iiidiisirial 
i-lli(-n-ncc and i-lli-clici-m-s-. mac iillmiati-lc he- ninn; liillc 
tindi'islnod and .n-ii-d nn A iim- iii w.ini-s was -diciniislc 
Iniij;ovi-rduc. hut tin-m.imli-iianci-nl .iiiclhm-'afipinvima.tin;' 
to (In- |in-,si-nt h-ci,-l will he nn iin-.iiis In- an i-.tsv iiiatti-r linh-.ss 
i-mplovc.r and -miplnyi--- ,dil<i- n-,dizi- that, i-llii n-iicv is llm 
|;i-c to sinci-ss And this i-llii-n-nt-.v is nnw depcinlcnt upon 
somcthiiiK-H'*”'' oiilsiih- nrdmarv cnmpi-lition. Krnm any 
nivoit material nnthiiin Imt thiMxist ri-sidt will .servo ; and to 
attain-this’ sen-nee and ti-ehnolo^'y niii;.t he made the hand- 
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duiuIbus of industry. France and Oeriiiaiiy already know 
how to ensure this. The Anglo-Saxon, being more practical, 
has placed his faith in “ driving force ” ; but he is learning 
hettci', and it may be that by his efficiently organized universi¬ 
ties and technical colleges ho jiiay ultimately learn how to 
introduce “ scientific method ” into his activities without 
losing his “ driving force.” The future is to those ])eoj)les 
who consider their work worthy of careful thought and patient 
study. 



